Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  Hbrary  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  this  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  informing  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http  :  //books  .  google  .  com/| 


JT  " 


■»  f 


Wonr  5lS^i<lX 


] 

JOO! 


1 

I 


AB} 


l^arbarii  College  Hibrarg 


THE   GIFT   OF 


FREDERICK  ATHERN  LANE, 

OF  NEW   YORK,  N.  Y. 


(Class  of  1849.) 


itf(o. 


}^ 


pIVB 

1893. 


_..  les^o.    Iilee&t. 

▲BMuSfiBVim   OOBPS:— 

]>StLX<  AHB  EXBBOISES  FOB   THE.    Price  2«. 

_,^^._-, I.    BeanilatioziB  for.    1893.    Price  1».  6<?, 

TOXJI  SEBTVIOE.  MANUAIi  FOB.  1889.  Price 
BJMHXBKTAL  STANDING*  OBDEBS.  1890.  Price  1a 
WamVZ  HANDBOOK  FOB.    Price  8«. 


jifor. 

^tioa 
iorpB. 
loeldL 
lElojal 
leges; 
jerks ; 
Hoyal 
BCiion 

ection 
».  6<i 

U.  6d 
tttery. 
Heers. 
II  VX. 
\  41(2. 
^  LX. 
I  Sick 
ce6d 

urr. 

1889. 

uieut.- 

(H.P.), 


2«. 

6dL 


(W^80391      1875    1  I  94— H  k  S    8250} 


^ 


1" 


i% 


JHZLITjiMT  JBOOKS,  pmblUled  by  AuihorUf-HnntinvML 
AKXiniriTION.    Treatise  on.    1892.    6th  Edition.    Prioe6«. 

ABKT  ORDBBS.    General  Orders,  Bearalatlons,  and  Instniotlons 

promulgated  to  the  Army.    Monthly.    Price  ddL 

0OVBB8  FOB  ABXT  OBDBBS.    Price  9(2.  each. 

DBIZiI«.    189^,     Vol.  III.     Price  It. 

(Vol.  I.  and  II.  out  of  print,) 

TBOUAKBT.   Beffnlatlons  for  tlie.    1889.     Price  1«.  6d. 

Troop    Leading.     Btadies    In. 


Price  U.  6d.  each. 


YoL   L     Field 


OAVALBT    DIVISION. 
Price  5«. 

FIBU>  ABTIIiliBBT  DBIIiL,     1893.    Price  la 

GABBISON   ABTIIiLEBT   DBILIi.    Vols.  1  and  2. 

SIBOB  ABTILIiBBT  DBILL.    1892.    Price  2«.  Sd, 

ABTniLBBT  FIBLD    8BBYI0B :   Handbook   for. 

Artillery.    (1884.)    Price  6«. 

ABTrLI«BBT,  VIBLD,  Taotios  of;    Sra    Oloth.    Price  2«.  6dL 

ABTTLLKBT.   BTGrSBTTM  OF.    In  the  Botunda,  Woolwich*    Cata- 
logue of.    1889.    Price  1«.  9c;. 

ABTIU4BBT  KIT  FLATBS.    Kos.  1  to  10.    Price  2dL  each. 

ABTHiLBBT  AND  BIFLB  BANOBS  AOT,  1886.    Byelaws  made  by 

Her  Majesty's  Principal  Secretary  of  State  for  the  War  Department,  with  the 

consent  of  the  Board  of  Trade.    8vo.     Price  1^  each  :^ 

Ash  Rifle  Ranges,  Aldershot  Camp ;  Landguard,  Foreshore  and  Sea  at ; 

Lydd    Ranges;     Middlowick  Rifle   Ranges;     Millbrook  Rifle  Remge; 

Scraps  Gate  Rifle  Ranges ;  Shoeburyness  Ranges;  Warden  Point  Battery 

and  llurst  Castle  Artillery  Practice  Range.    Washt   Foreshores  of  the. 

ABTILLEBT.    BOYAI«  BBQIBCBNT  OF.    Standing  Orders  of  the. 
November,  1893.     Price  2«. 

BNQINBBB   SBBVIOBa    Beflmlations  for.    1892.    Price  2#. 

BNOINBBBINg,  2EII«ITAB7 ;    Standing-  Orders  of  the  Sohool  of: 

Price  2«. 

BNaiNBBBINO,     MII<ITAB7 :     Instruction    in.     Part    L     Field 
Defences.    Fifth  Edition.     Price  2s. 

BNOINBBB    KIT   PI<ATB.       Mounted  Men,     Dismounted  Men. 

Price  Id  each. 

BXPI«OSIVBS.    Notes  on.    1891.    Price  6dL 

FOBTIFIOATION  AND  MH^ITABT  BNGINBBBINa.    Text  Book 

of.     Parti.    (1892.)    Priced*. 

INFANTBT.     DBUM    AND    FLXTTB    DUTT    for    the    Infkntry 

Branch  of  the  Armr,  with  Instructions  for  the  Training  of  Drammera  and 
Flautists.  From  the  authorised  -  Sergeant  Drummers*  ManusL  Horse 
Guards,  War  Oflice,  1st  Oct.,  1887.     Price  2«. 

INFANTBT  DBILL,   1898.      As  revised   by   Her  Majesty's  oommsnd. 
Price  1«. 


INFANTBT,  MOXTNTBD,  Beflmlations  for. 
INFANTBT.    SWOBD  BXBBOISBS.    1894. 


(In  the  press.') 
(Jn  the  press.) 


OABB    OF    ABMS    AND    AMMUNITION.      Firing  Bzereise. 

Aiming  Drill   (Issued  with  Army  Orders,  1st  February,  1891.)  Price  3d 

I«BE-METFOBD  BIFLR      Bifle  Bzeroises,  Manual  Ezerolses 

and  Bayonet  Exercise.    1892.    Price  3  J. 

MABTINI-HBNBT     BIFLB    AND    OABBINB.       Oare   of    Arms 

and  Ammuuitign.     Firing  Exercise.     Aiming  Drill.    (Issued  with  A.O., 
1st  February,  1891.)    Price  3</. 


/ 


J 


lULITAnr  BOOKS,  pmhlMsd  hy  JMOoritf-^emifasm^d. 

KBA.T  OrSPBOTION.     A  Ouide  to.     For  Bogimental  Officers.      1804. 

(/»  the  press.) 

KBSSIKG-  OF  THB  SOLDIBB.     Kemoraadmn  on  tlie.     May,  18'J1. 

Price  Id, 
KOBILXZATIOir    POB    HOKB     DBITBKOB.      (BesuLar   Foroes.) 

Bogulntions  for.    1892.    Price  4d. 
UTJSKBTBT  IITSTBUOTION.    Beffulatlons  for.    1892  :— 

I«BB-1CBTF0BD   BIFLB.    Price  U 

MABTIiri-HBNB?  BIFLB.    Price  U. 

„  „  ,,  Alterations.    Price  Id  each. 

OBBNANOB    8T0BB  SBBVIOBS.    Beffalatlons  for.    189L    Price  2«. 

BATIONS.     Soldiers.     Iteotnres  on  ProTiaion  and  Inspection   of. 

1892.     Price  ^d. 

YOLUNTBEB  COBPS.    Purohase  of  I«and  by.    1893.    Price  2(2. 

V0LT7NTBBB  FOBOB.      Beffulations  for.     1893.    Price  Is, 

VOLUNTEBBS  in  Brierade  and  Befflmental  Camps,  or  when  encamped 
with  the  Bej^ular  Forces.  Orders  and  Instructious  for.  Bevised  1892. 
Price  Id. 

STBAIff  BJBTG-INBS  AND  BOHiBBS.     Notes  on  the  Xanaffement 

of.     1891.    Price  Id 
DBBBIOKS,  SHEBBS,  and  HOLDFASTS.    1893.    Price  U.  6d 

TBTTICPBT  AND  BTTGLB  SOTJNDfiTfor  all  Branches  of  the  Army. 
With  Instractions  for  the  Training  of  Trumpeters  and  Buglers.    Prioe  2«. 

Q-ITNNBBT:  Text  Book  of.  By  Major  G.  Mackittlat,  R.A.  Containing 
Parts  L  and  II.,  and  Gunnery  Tables.     1887.    342  pp.    Price  Ab. 

OXINNEBT  TABLBS.  Colloctedand  compiled  by  Major  G.  Mac kiniat,  B.  A., 
for  the  Text  Book  of  Gunnery,  1887.    48  pp.    Price  2«.  6d 

OXTNS :  Handbooks  for,  vis. : — 

61-PB.   B.M.L.,  Converted,  of  68  owt.  and  71  cwt.    1892.    Price  1«. 

B.B.I*.    1889.    Price  If. 

„        of  16  owt-,  on  Ghirrison   Slidingr  Carrlagre  and 

Travelling    Carriatjet       1892.      Price  U,  6<i 

B.2C.L.  of  12  owt.    (Land  Senrloe).    1891.    Price  U,  6d, 
B.Ii.       (Karkl.)  „  1891.     Price  U 

Steel    B.lK.Ii.    ef   160   lbs.,    JITark   III.,  and   200   lbs., 

Mark  IV.,  &c.,  &l\    1893.     Price  If.  6dL 

6-PB.  HOTOHKISS  QUICK  PIBINQ.     (Land  Service.)    1890. 

Piic)  1*.  Cd. 

8-PB.  „  „  „  1892.    Price  6</. 

6-PB.    NOBDBNFBLT     QTriOK    FIBINa.      (Land   Servioe.) 

1892.    Price  9dL 

12-inch    B.L.   of  47  tons.    1891.    Price  Is.  Sd. 
10-inch      „        of  18   tons.     (Land  Service).    1889.    Price  U. 
9*2-inch      „        1892.    Price  2«. 

8-inch      ,,       Howltser,  of  46  owt.       ICark  I.,  on    Bed    and 

Siege  Platform  or  Siege  Travelling  Carriage.    (Land 
Service).    1890.     Price  U.  Gd. 

7-inch  B.B.L.  of  72  cwt. ;  and  82  cwt.,  on  MoncriefT  and  Slidingr 

Carriitge.     1892.     Price  1«.  6d. 

Marks  IV.,  V.,  and  VI.     1892.    Price  2#.  6d. 

aXJICK  FIBINa.  (Land  Servioe).  1892.  Price  l«.6(f. 

Jointed  Howitzer.     (Mark  L).    ICnle  Eanipment 
Land  Service.     1890.     Price  U.  6d. 

ICarks  V.  and  VT.    Land  Service.    1890.    Price  2s. 

GATLINa,    for    LAND    SBBYICB.       8rd  Edition. 

1880.     Prioe  6d. 


40-PB. 
20-PB. 

16-PB. 

12-PB. 

7-PB. 


6-inch 

4*7-inch 

4-inch 


B.L. 


>f 


9} 


4-inch       „ 
0*45-inoh 


.1 


N 


Wax  '^i5.S,<?l 


(Wt.  20891     ),875     1  I  C4-H  4  S    8230) 


PREFACE. 


The  Second  Part  of  the  "Text-Book  of  Fortification  and 
Military  Engineering "  is,  as  the  First  Part  was,  based  on  that 
formerly  in  use  at  the  Royal  Military  Academy,  Woolwich. 

The  modifications  necessary  to  bring  it  into  accord  with 
modern  ideas  have,  however,  been  considerable. 

Chapter  IV  on  Permanent  Fortification  has  been  entirely 
rewritten,  and  a  system  of  defence  has  been  described  which  is 
considered  suitable  to  the  conditions  of  the  British  Empire. 

The  first  part  of  Chapter  IV,  on  the  History  of  Fortification 
down  to  the  early  part  of  this  century,  has  been  transferred 
bodily  from  the  older  Text-Book ;  but  a  Second  Part  has  been 
written  to  include  the  period  from  1815  to  the  present  time 
(1893).  This  part  of  the  (Chapter  deals  with  defences  now 
actually  in  use,  and  should  be  studied  before  taldng  up  the 
question  of  Siege  Works. 

Chapter  VI,  on  the  Attack  and  Defence,  has  been  modified 
from  that  in  the  old  Text-Book.  The  portion  on  the  Attack  is 
now  based  on  the  idea  of  operations  against  a  fortress  with 
outlying  works. 

In  Chapters  VII  on  Siege  Works  and  VIII  on  Military 
Mining  it  has  been  endeavoured  to  keep  the  details  in 
accordance  with  those  in  the  official  "  Instructions  in  Military 
Engineering,"  prepared  at  Chatham. 

Chapter  lA  on  Coast  Defence  has  been  completely  re- 
written, as  both  weapons  and  general  aiTangements  have  almost 
entirely  changed  in  the  last  few  years. 

The  section  on  Submarine  Mines  is  based  on  a  paper  by 
Captain  J.  E.  Edmonds,  R.E.,  and  on  the  old  Text-Book,  and 
has  been  looked  over  by  Major  Ruck,  R.E.,  Inspector  of 
Submarine  Defences. 

It  is  as  well  to  repeat  here  that,  as  in  the  First  Part  of  the 
book,  the  numbering  of  the  Paragraphs  and  of  the  Plates  does 
not  run  on  continuously  between  the  Chapters.  This  is  done 
with  a  view  to  faciUtate  revision  of  single  part^  at  a  time. 

J.  F.  Lewis, 

Lieutenant- Colonel^  R.E. 

War  Office,  Whitehall, 
November^  1893. 
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CHAPTER    IV. 

PERMANENT    FORTIFICATION. 


Section  1. 


350.  Permanent  Fortification  consists  of  those  works  of  Definitbn. 
defence  which  are  prepared  deliberately  in  time  of  peace  in 
anticipation  of  a  state  of  war.  It  differs  in  no  way  in  principle 
from  field  fortification,  but  since  more  time  is  available  for  the 
construction  of  the  works,  their  position  and  arrangements  can 
be  more  carefully  considered,  and  additional  strength  can,  if 
wished,  be  given  to  them. 

851.  The  object  of  permanently  fortifying  a  place  is  either  Object  of 
to  form  a  secure  depot  of  stores  for  an  army  m  the  field ;  or  to  P®"?^J5L 
hold  some  point  of  strategic  importance  for  the  army,  such  as  a    ^ 
river  crossmg;  or  to  prevent  the  enemy  using  some  line  of 
communication,  such  as  a  railway;  or,  more  rarely,  to  assist 
the  tactical  manoeuvres  of  an  army. 

Works  may  vary  in  extent,  from  a  single  fort,  which  may 
be  sufficient  to  block  a  defile,  up  to  a  fortress  such  as  Paris, 
whose  ring  of  forts  is  about  seventy-five  miles  in  circumf erenccw 
In  all  cases  the  object  to  be  attained  is  to  assist  the  garrison 
to  protect  a  certain  area  of  ^ound  from  the  projectues  and 
presence  of  an  enemy.  The  size  of  this  area  depends  on  what 
IS  required  to  be  kept  in  it.  It  may  be  only  a  few  hundred 
men  with  the  stores  required  for  their  use,  or  it  may  be  the 

/  population  of  a  large  capital  with  the  armies  defending  it. 

(  *  The  ^eatest  develoj^ent  of  permanent  fortificaticn  at  the 

present  day  is  on  the  northern  and  western  fit)ntiers  of  France. 
On  the  western  frontier,  for  example,  there  are  four  fortresses, 
Verdun  and  Toul,  Epinal  and  Belfort.    They  are  from  forty  to 

\  fifly  miles  apart.    The  two  former  and  the  two  latter  are 

connected  by  lines  of  "  barrier  forts  "  commanding  all  the  ways 

'  /  by  which  an  army  coidd  pass  between  them.    Behind  them 

/  are  other  fortresses,  Besan^on,  Dijon,  Langres,  and  Bheims, 

and,  as  the  final  place  of  arms,  stands  Paris. 

This  frontier  may  be  considered  as  organised  for  defence ; 

and  it  is  believed  that  the  problem  of  passing  it  is  a  difficult 

one  for  the  German  army.    Across  the  border  the  fortresses 

may  be  regarded  as  rather  intended  to  assist  the  attack  by 
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providing  secure  depots  for  stores  and  material  than  to  defend 
the  territory.  Metz  and  Strassburg  are  the  only  two  in  front 
line.  There  is  no  second  line  of  works  in  rear  of  the  Upper 
Rhine,  and  no  large  place  on  the  Lower  Rhine  except  Cologne, 
for  Coblenz  and  Mainz  are  not  extensive. 

To  build  a  fortress  costs  money,  and  a  constant  expenditure 
is  required  to  keep  it  up.  Also  it  requires  a  garrison  to  guard 
it  even  when  not  actually  attacked,  tnus  reducing  the  troops 
available  for  the  field.  Conseqtiently  the  number  of  fortresses 
should  be  kept  at  a  minimimi,  and  only  those  built  which 
would  be  of  use  whatever  development  a  campaign  in  their 
neighbourhood  may  take ;  even  then  they  are  desirable  only 
if  a  campaign  is  either  likely  to  occur  there,  or  would  be  of 
very  great  importance  if  it  does. 

These  considerations  render  questionable  the  soundness  of 
the  French  policy  in  frontier  defence.  It  can  only  be  justified 
by  the  large  number  of  troops  that  they  have  at  their  disposal. 
Such  arrangements  would  be  quite  unsuited  to  the  circum- 
stances of  the  British  Empire. 
Gtoneral  352.    The    principles  on  which    permanent  defences  are 

anangement  arranged  being  the  same  as  for  field  works,  their  general 
arrangements  are  similar.  The  points  of  tactical  importance 
are  held  with  strong  enclosed  works ;  the  intermediate  spaces 
are  occupied  with  batteries  for  artillery  and  with  shooting  lines 
for  infantry.  The  shooting  lines  often,  and  sometimes  the 
batteries,  can  with  advantage  be  left  to  be  executed  shortly 
before  they  are  likely  to  be  required ;  but  the  main  works  are 
constioicted  deliberately,  and  are  intended  to  resist  as  long  as 
possible  any  form  of  attack  likely  to  be  made  against  them. 
K  their  sites  are  properly  chosen,  and  they  really  occupy  the 
points  of  tactical  importance,  it  will  be  impossible  for  the 
enemy  to  make  any  permanent  lodgment  within  the  line  of 
defence  so  long  as  they  hold  out. 

353,  The  character  of  the  works  in  a  fortress  will  vary 
according  to  the  nature  of  the  attacks  that  they  are  liable  to. 
These  will  include  those  which  may  be  made  against  field 
works,  namely,  storm,  surprise,  and  bombardment  {see  Chapter  IT, 
Section  6) ;  and  also  a  siege  in  form,  which  would  only  be  resorted 
to  if  the  place  is  too  strong  to  be  attacked  by  any  of  the 
former  methods.  In  a  siege  in  form  the  most  poweiful  weapons 
available  are  employed,  and  the  advanqp  of  the  troops  towards 
the  fortress  is  protected  by  earthworks  thrown  up  for  that 
purpose,  so  that  they  may  not  be  stopped  by  the  fire  of  the 
defence.  This  is  a  slow  process,  and  the  prospect  of  ha'V'ing  to 
undertake  it  may  be  sufficient  to  deter  an  enemy  from  attacking 
a  fortress  at  all.  Only  two  places  were  attacked  in  form  in 
the  Franco-German  War  of  1870-71,  namely,  Strassburg  and 
Belfort. 

Sometimes  the  operations  of  a  regular  siege  are  shortened 
by  the  attack  proceeding  to  an  assault  as  soon  as  the  resistance 
of  the  place  appears  to  be  sufficiently  subdued  to  make  success 
possible.  This  was  the  case,  for  example,  in  the  famous 
fitorming  of  Badajos  in  1812,  when  it  was  of  the  utmost  import- 
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ance  to  Lord  Wellington  to  possess  himself  of  the  place  before 
it  could  be  relieved  by  Marshal  Soult. 

Blockade,  which  is  sun'ounding  a  place  and  preventing 
communication  with  the  exterior,  may  be  resorted  to  if  it  be 
desired  not  to  expend  men  and  ammunition.  This,  however, 
is  an  attack,  not  on  the  works,  but  rather  on  the  provisions  of 
the  defenders.  ^ 

354.  It  is  necessary  here  to  say  a  few  words  on  the  nature  Nature  of  a 
of  a  regular  siege,  as  on  it  depends  the  character  of  ihe  works  '^g^*"^  "^^g®* 
to  be  thrown  up  to  resist  it.    The  detail  of  the  manner  in  which 
it  is  carried  out  will  be  given  in  another  chapter. 

The  first  operation  is  the  investment,  which  is  the  surround- 
ing of  the  place  so  as  to  prevent  communication  with  the 
exterior.  Tnen  the  intrenchment  of  a  position  as  close  in  as 
the  form  of  the  ground  will  allow.  It  may  be  assumed  to  be 
at  about  3,000  yards  from  the  works.  This  will  be  resisted  by 
artillery  fire  and  by  sorties. 

The  next  thing  is  to  mount  guns,  howitzers,  and.  mortars 
to  Jiujure  the  garrison,  to  keep  down  their  fire,  to  dismount  the 
guns,  to  break  in  the  casemates,  shelters,  and  magazines,  and 
to  destroy  the  'obstacles  on  the  fronts  to  be  attacked. 

While  this  is  going  on  efforts  will  be  made  to  advance 
against  the  works  by  means  of  trenches  dug  acrosa  the  inter- 
vening space,  and  so  armnged  as  to  afford  protection  against 
projectiles.  This  operation  is  slow,  and  in  tnese  days  difficult. 
It  must  be  reedsted  by  the  defence  with  all  their  might.  It  can 
hardly  be  brought  to  a  successful  issue  ,until  the  artillery  fire 
of  the  place  is  almost  entirely  subdued.  Even  then  the  close 
attack  can  be  resisted  with  rifles  and  quick-firing  guns,  and  by 
light  howitzers  and  mortars  brought  out  for  the  purpose. 

The  last  stage  of  the  advance  of  the  attack  would  probably 
be  by  mining.  It  would  be  for  the  benefit  of  the  defence  to 
force  a  resort  to  this  by  commencing  countermines,  as  it  is  a 
very  slow  process,  and  it  is  to  their  interest  to  cause  delay. 

Finally,  the  besieger  must  effect  a  lodgment  in  the  works, 
either  by  digging  or  mining  his  way  in,  or  by  assault. 

An  attempt  may  be  made  to  shorten  this  process  by  an 
assault,  delivered  at  any  period  of  the  siege  at  which  the  con- 
ditions seem  to  offer  sufficient  hopes  of  success.  Sebastopol 
"W^as  captured  in  this  way  before  the  siege  works  reached  the 
counterscarp. 


Section  2. 

355.  A  p(5nt  of  the  first  importance  in  considering  the  eon-  Siege 
struction  of  fortifications  is  the  nature  of  the  weapons  employed  weapons 
in  the  attack  and  defence.     For  this  the  reader  is  referred  to 
Chapter  I,  Section  2 —Arms  in  Use — where  this  subject  is  treated 
of  with  reference  to  land  fortification  generally.     It  is  necegsary 
thoroughly  to   realise  the  range,  accuracy,  and  effect  of  the  .. 

various  weapons  as  there  given  in   order  to   understand  the 
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feasone  for  the  various  parts  of  fortifications.  More  especially 
is  this  necessary  at  the  present  time,  when  fortification  is 
assuming  fonns  hitherto  unused,  and  when  novelties  are  being 
constantly  proposed  both  for  attack  and  defence. 

Fortification  at  one  time  was  so  much  governed  by  the 
routine  of  the  past  that  it  almost  appeared  a  mere  branch  ot 
geometrical  drawing ;  now  it  migiit  with  some  truth  be^ 
described  as  a  part  of  artillery. 

In  addition  to  the  Section  on  *'  Arms  in  Use,"  a  few  obser- 
vations made  here  will  serve  to  summarise  the  facts,  and  to 
point  out  those  which  more  especially  bear  upon  permanent 
fortification. 

In  the  first  placelt  must  be  assumed  that  the  best  weapons 
of  their  class  are  to  be  used  at  a  siege.  They  may  not  be  the 
heaviest  or  the  most  powerful  that  can  be  obtaineo,  for  various 
reasons  to  be  noticed  later,  but  they  will  be  of  modern  type, 
chosen  for  their  suitability  for  the  purpose. 

The  siege  train  will  include  gims,  howitzers,  and  probably 
mortal's,  and  also  probably  machine  and  quick-firing  guns. 

366.  The  guns  fire  accurately,  and  their  projectiles  have  a 
long  range  and  a  flat  trajectory.  This  last  quaUty,  joined  to* 
the  fact  that  the  shells  are  not  of  large  capacity,  renders  them 
unsuited  for  attacking  earthworks ;  but  anything  within  range 
that  stands  up  and  presents  itself  to  be  shot  at,  such  as  a  gun 
en  barbettey  ^\ti1  certainly  be  hit  before  long,  provided  it  is  worth 
the  time  and  the  expenditure  of  ammunition. 

Therefore  no  part  of  the  defences  intended  to  fulfil  any  but 
a  temporary  purpose,  should  visibly  oppose  itself  to  the  direct 
fire  of  guns. 

In  works  of  the  forms  advocated  at  the  present  day  there  is 
very  little  for  guns  to  attack,  consequently  there  is  not  much 
actual  6  eld  for  their  use  in  a  siege  against  a  modern  place,  but  they 
have  a  powerful  influence  on  the  design.  Against  the  older 
forms  of  works,  however,  they  could  do  much. 

357.  The  principal  siege  weapon  is  the  rifled  howitzer. 
With  this,  the  loss  in  accuracy  is  more  than  compensated  for  by 
the  increased  size  of  shell  that  it  can  throw,  as  compared  with  a 

rof  the  same  weight,  and  by  the  searching  effect  produced 
the  curved  trajectory.  The  latter  quality  also  renders  it 
easier  to  conceal  the  howitzer,  since  it  can  fire  over  intervening 
obstacles. 

358.  The  rifled  mortars,  which  must  be  reckoned  with  as 
forming  part  of  a  continental  siege  train,  fire  larger  shell  than 
howitzers  of  the  same  weight,  with  a  higher  trajectory,  but 
with  lessened  accuracy.  They  will  probably  throw  very  long 
shell  filled  with  high  explosive  which  will  act  mainly  by  burst. 
They  can  hardly  be  made  very  accurate,  and  their  effects  wiU, 
therefore,  be  somewhat  uncertain,  but  at  times  considerable* 
Thus  a  shell  might  break  into  a  casemate, block  a  communication, 
by  blowing  away  a  ramp,  or  destroy  a  water  tank  by  bursting 
in  it.  Vulnerable  objects  should,  therefore,  bo  kept  small,  and 
should  not  be  crowded  together. 

369.  As  permanent  fortifications  take  time  to  build,  and  are 
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Intended  to  last  until  it  is  necessary  to  reconstruct  them  to  meet 
new  methods  of  attack,  it  is  right  to  look  forward  as  far  as 
possible  in  preparing  the  designs  so  as  to  discount  the  effect  of 
any  probable  novelties.  A  weapon,  now  being  tried  for  coast 
defence,  namely,  the  "pneumatic"  gun,  is  likely  to  have 
a  considerable  effect  on  siege  operations,  both  for  attack  and 
defence,  as  it  throws  large  shell  with  very  great  accuracy. 
As  the  projectile  is  propelled  by  compressed  air,  there  is  no  flash 
oi*  smoke,  and  perfect  concealment  is,  therefore,  possible.  The 
shells  are  filled  with  high  explosive,  and  will  act  almost 
entirely  by  burst. 

This  rendera  it  more  than  ever  necessary  to  make  the  works 
as  bad  targets  as  possible,  and  to  minimize  the  size  of  vulnerable 
objects. 

360.  Machine  guns,  which  fire  a  lar^  number  of  bullets  iu  Machine 
a  short  time,  will  be  very  useful  at  sieges  to^  both  sides  in  K'""' 
guarding  places  by  means  of  a  few  men,  and  thus  reducing 
probable  losses.     They  may  also  be  laid  on  special  points  to 
prevent  work  being  carried  on  there. 

During  the  Gommime  of  Paris  in  1871,  when  the  place  was 
being  besieged  by  the  Government,  a  machine  gun  battery  was 
established  near  Fort  Issy  to  keep  down  the  fire  of  some 
£uns  on  the  enceinte,  and  every  now  and  then  a  cluster  of  bullets 
went  whistling  over  one's  head  in  the  trenches. 

861.  Quick-firing  guns,  3  and  6.prs.,  have  not  yet  been  used  Quiek-flring 
at  a  siege,  but  there  appears  to  be  a  considerable  iield  for  their  K'""' 
employment  there.  They  are  rapid  and  accurate,  and  being  com- 
paratively small  and  easily  moved,  can  be  concealed  and  brought 
into  action  at  unexpected  points  and  at  short  ranges.  They 
would  take  the  place  of  the  old  wall-pieces,  and  stop  digging  at 
the  heads  of  trenches  unless  very  deep  cover  be  used.  They 
would  be  very  useful  for  firing  at  guns,  as  their  solid  shot 
striking  them  would  penetrate  them,  or  bulge  the  interior 
of  the  bore,  or  might  damage  the  mechanism  or  mountings. 
Their  case  and  shrapnel  would  also  be  effective  against 
troopa 

It  is  possible  that  before  long  the  quick-firing  principle  will 
be  applied  to  all  the  smaller  natures  of  siege  artillery,  as  there 
are  various  conveniences  attending  it.  It  has  already  been  used 
with  a  small  rifled  mortar.  The  practical  result  in  siege  work 
would  be  that  an  effect  which  now  re<juires  some  hours  to  pro- 
duce could  then  be  brought  about  m  a  few  minutes.  This 
might  have  important  tactical  consequences,  by  the  sudden 
change  of  conditiona  There  are  mechanical  difficulties  in  the 
way  of  carrying  it  out. 

862.  A  point  of  the  highest  importance  in  siege  operations  ^^PP^J  ?^ 
is  the  provision  of  the  necessary  ammunition.    A  few  figures  *"*"*""*  ^"^ 
will    help    in    realising  what  a    difficult  problem  its  supply 
must  sometimes  be. 

The  number  of  rounds  required  for  a  regular  siege  may  be 
put  at  500  rounds  per  gun  to  begin  with,  and  there  must  be  a 
certainty  of  the  supply  being  kept  up.  Now  500  rounds  of 
ammunition  for  one  8-inch  rifled  howitzer  weighs  about  45  tons* 
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As  to  the  total  quantities  used,  it  is  said  that  at  the  siege  of 
Strassburg  in  1870  the  Germans  fired  sometimes  as  much  as 
^0  tons  oi  ammunition  in  a  day,  and  at  the  siege  of  Belfort  they 
fired  about  2,200  tons  of  ammunition.* 

These  fact*  concerning  the  attack  have  a  very  important 
bearing  on  the  defence.  The  suppUes  necessary  for  cariying 
on  the  siege  of  a  large  inland  fortress  can  hardly  be  brought  up 
to  it  otherwise  than  ny  rail  or  river,  and  neither  of  these  may  be 
available.  If  the  fortress  lies  oversea  the  way  to  it  must  be  free 
1;o  the  enemy's  transports,  and  that  not  once  t)nly  but  con- 
tinuously. Some  fortresses  are  thus  secured  by  their  situation 
against  the  more  serious  forms  of  attack.  Also  the  likeUhood  ot 
attack  on  a  particular  side  of  a  fortress  is  partly  determined  by 
its  accessibility. 

Moreover,  the  diflBiculties  of  providing  ammunition  will  render 
a  besieger  loth  to  expend  it  on  anything  which  does  not  directly 
affect  the  progress  oi  the  attack.  Consequently,  for  example, 
the  breachmg  of  long  lines  of  parapet  is  not  a  practical  object, 
and  the  besieged  may  count  on  keeping  such  lines  fairly  intact. 
Similarly,  obstructions,  even  if  of  a  natm-e  that  can  be  injured 
by  artillerj,  will  hardly  ever  be  entirely  destroyed,  but  will  in 
part  remam  to  assist  the  defence. 

363.  It  will  be  understood  from  this,  that  while  every 
permanent  fortress  should  be  capable  of  resisting  every  form  of 
attack  that  is  Kkely  to  be  brought  to  bear  against  it,  yet  that 
different  fortresses  may  be  of  different  degrees  of  absolute 
strength,  and  that  even  the  works  of  the  same  fortress  need  not 
be  of  the  same  strength  on  all  parts  of  the  circumference. 

Thus  of  the  works  defending  Antwerp,  those  on  the  north 
side,  where  they  are  assisted  by  inundations,  are  of  a  simpler 
form  than  those  on  the  south  and  west,*  where  the  approach  is 
easier. 

Also  on  the  western  frontier  of  Germany,  in  the  Rhine 
Valley,  it  is  understood  that  all  the  fortresses  have  not  received 
the  same  amount  of  attention  in  bringing  them  up  to  thb 
modern  standard  of  strength,  but  they  have  been  dealt  with 
according  to  their  relative  importance  in  the  theatre  of  war, 
and,  therefore,  according  to  the  pains  the  enemy  is  likely  to 
take  to  possess  himself  of  them. 

364.  The  principle  of  proportioning  the  strength  of  a 
-fortress  to  the  probable  form  of  attack  is  one  which  it  is  of  the 
highest  importance  to  keep  in  view,  otherwise  a  vast  amount 
«f  expenditure  maybe  incurred  in  making  a  place  unnecessarily 
strong,  and  thus  locking  up  men,  money,  and  material  at  a  spot 
where  they  cannot  affect  the  progress  of  a  war,  probably  at  th^ 
expense  of  some  other  locahty  where  they  might  "have  been 
advantageously  utilised. 

,  The  national  purse  is  not  bottomless.  The  necessity  of 
things,  even  of  the  highest  importance,  has  to  be  very  clearly 
demonstrated  before  money  will  be  granted  to  caiTy  them  out. 


*  "The  Attack  of  Fortresses  in  the  Future."    B.E.  Prize  Bssaja  1B78,  b^^ 
iCbpAain  T.  Fraaer,  S.S. 
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ConBequently,  none  should  ever  be  thrown  «way  on  needleas 
refinements  and  elaborations. 

365.  Therefore,  before  considering  the  design  of  permanent  What  attack 
fortifications,  it  is  necessary  to   consider  what  form  of  attack  g^^l®  ^ 
those  we  build  may  be  subjected  to.     Must  they  have  every  ^^^ 
device  of  iron  and  cgncrete  which  may  be  thought  necessary  to 
enable  them  to  resist  the  most  powerful  weapons  employed  in 
warfare,  or  will  works  on  a  lesser  scale  suflSce  ? 

To  discover  the  right  answer  to  this  question  depends  on 
knowing  the  geographical  conditions  of  the  British  Empire  and 
the  power  of  the  chief  fighting  agent  for  forming  and  sustaining 
it,  namely,  the  Navy.  This  is  not  the  place  to  give  the  data  on 
which  the  answer  must  be  framed,  but  as  on  it  depends  the 
nature  of  the  instruction  to  be  given  in  iJie  following  pages,  it 
is  necessary  to  give  what  is  considered  the  true  reply  and  a 
short  summaiy  of  the  reasons  for  it. 

This  reply  is,  that  it  is  not  thought  necessary  to  design 
works  to  resist  the  fmost  powerfiil  weapons  nor  to  withstand 
all  the  operations  of  a  regular  siege. 

366*  The  truth  of  it  depends  on  the  following  peculiarities  Beaaon*  for 
of  the  British  Empire.    It  is  scattered  all  over  the  world ;  every  *^®  »Mwe«« 
separate  portion  of  it  has  a  seaboard ;  it  has  no  land  frontier 
in  immediate  contact  with  a  first-class  military  power.     Conse- 
quently, its  defence  depends  primarily  on  the  Navy,  which  can  The M$Brf.iitk 
convey  reinforcements  to  any  tnreatened  point,  and  can  interfere  P™^"7 
with  convoys  of  the  enemy.     It  is  a  necessity  that  the  British 
Navy  should  be  superior  to  any  other,  since  it  is  its  business  to 
see  that  our  commerce  is  not  seriously  interfered  with.     Our 
very  existence  depends  upon  that,  as  most  of  our  food  is  im- 
ported.    Also  it  has  to  keep  up  the  communications  of  the 
empire. 

As  the  Navy  is  dispersed  in  different  parts  of  the  world, 
even  the  defeat  of  a  portion  of  it  will  not  render  it  possible  to 
neglect  the  rest. 

A  hostile  power  cannot  send  an  expedition  oversea  without 
having  to  count  on  the  interference  of  British  ships,  either  with 
the  original  convov  or  with  the  vessels  carrying  stoi'es  to  supply 
those  expanded ;  for  it  is  the  business  of  our  Navy  to  attack  and 
destroy  that  of  an  enemy. 

Raids  and  sudden  minor  attacks  are  possible,  as  they  always    ^    •-     '    /•- 
have  been,  in  the  face  of  the  greatest  superiority  of  force,  but 
these  operations  have  nothing  to  do  with  regular  sieges. 

No  town  in  Great  Britain  requires  powerful  fortifications, 
since  the  gi-eat  struggle  must  be  for  the  possession  of  London. 
This  will  prevent  an  enemy,  who  may  have  somehow  succeeded 
in  landing,  from  dissipating  his  energies  in  attempting  serious 
operations  against  any  other  place. 

Owing  to  the  enormous  size  of  London,  its  fortification  on  a 
large  scale  would  absorb  so  many  men  as  to  unduly  weaken  the 
field  army,  which  is  of  more  value  than  any  fortress,  and,  there-  : 

fore,  London  foi-ms  no  exception  to  the  general  rule,  though  ut 
first  sight  it  might  appear  as  if  it  would  be  so. 

As  to  attacks  not  involving  an  expedition  oversea,  there  J;"**, 
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are  practically  only  three  frontiers  to  notice :  Gibraltar,  where 
the  fortress  is  naturally  strong,  and  where  the  fleet  can  help 
directly;  the  north-west  frontier  of  India,  where  the  only 
antagonist  possible  has  too  long  a  line  of  communication  to 
be  able  to  brine:  up  siege  material  as  well  as  men  and  stores ; 
and  the  Canadian  frontier,  where  neither  side  makes  preparation 
for  war. 

Consequently,  it  follows  that  in  no  place  do  we  require 
fortresses  on  the  scale  of  Metz  or  Verdun,  which  may  be 
attacked  with  all  the  resources  of  a  first-class  power,  and  the 
works  we  build  should  be  proportioned  to  the  work  to  be 
demanded  of  them. 

367.  The  next  point  naturally  is,  what  form  of  attack  is  it 
that  we  require  to  guard  ourselves  against  ? 

As  a  regular  siege  cannot  be  undertaken  against  our  works 
owing  to  the  impossibility  of  bringing  up  the  necessary  stores, 
only  those  methods  of  attack  can  be  used  which  do  not  require 
the  expenditure  of  large  quantities  of  ammunition. 

These  are,  blockade ;  surprise ;  assault ;  and  bombardment. 
The  latter  is  possible,  as  it  does  not  require  a  regular  supply  of 
ammunition,  but  only  a  single  effort.  All  these  may  be 
combined  with  the  execution  of  a  certain  amount  of  regular 
siege  work. 

Of  these  modes  of  attack  blockade  has  very  little  to  do 
with  the  defences  at  all,  so  long  as  they  are  sufficient  to  cause 
the  enemy  to  sit  down  in  front  of  them. 

The  resistance  to  surprise  and  assault  depends  mainly  on 
the  qualities  of  the  garrison ;  their  watchfulness  on  guard  and 
patrol  duty ;  their  readiness  to  meet  an  unexpected  attack  and 
their  steadiness  in  resisting  it,  and  also  on  their  being  sufficient 
in  numbers.  As  far  as  the  works  go  their  re(juirements  mainly 
are,  that  they  should  be  so  arranged  as  to  facilitate  the  delivery 
of  an  efficient  fire  of  rifles,  in  some  cases  assisted  by  case  and 
shrapnel,  over  all  the  approaches ;  and  that  the  main  works  at 
lectst  should  be  so  surrounded  with  obstacles  that  they  cannot 
be  suddenly  rushed  before  the  ganison  have  time  to  get  to 
their  places.  The  internal  arrangements  of  the  works  also 
should  be  such  that  there  may  be  every  facility  for  the  men  to 
reach  their  posts. 

For  defence  against  bombardment  again'st  the  town,  dock- 
yard, or  whatever  it  may  be  that  the  fortifications  are  to  protect, 
the  latter  must  be  sufficiently  advanced  to  make  the  snooting 
against  it  inaccurate,  even  if  they  are  not  far  enough  entirely 
to  prevent  any  projectiles  reaching  it. 

As  regards  mdividual  works,  they  must  be  constructed  so 
that  they  may  not  be  liable  to  serious  injury  from  a  few  pro- 
jectiles striking  them,  and  so  that  the  garrison  shall  not  be 
prevented  from  occupying  their  posts  in  case  of  an  assault,  for 
which  a  bombardment  may  be  intended  to  prepare  the  way. 

368.  It  will,  of  course,  be  the  case  that  as  an  investing 
force  is  anxious  to  possess  itself  of  the  place  it  ia  surrounding, 
it  may  be  expected  to  take  any  steps  that  the  time  and  stores 
at  its  disposal  may  render  possible.    It  will  test  the  spirit  and 
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watchfulness  of  the  garrison  in  various  ways  in  order  to  discover 
any  weak  point.  It  is  very  likely  to  initiate  some  of  the  pro- 
ceedings of  a  regular  siege  by  attempting  to  drive  in  the 
defendeiTs'  outposts  and  to  construct  trenches  and  batteries. 
These  operations  would  be  undertaken  in  order  to  improve  and 
shoi'ten  the  investment  line,  and  also  if  an  attack  should  appear 
feasible,  to  support  it  and  render  it  easy  to  carry  out.  Against 
these  operations  some  of  the  preparations  necessary  against  a 
regular  siege  must  be  made.  These  are  necessary  also  on  other 
grounds ;  for  it  is  evident,  that  if  no  such  preparations  were  to 
be  made,  that  the  siege  operations  could  be  safely  and  rapidly 
carried  through  and  the  place  thus  reduced. 

Besides,  it  would  not  ao  to  assume  too  weak  a  form  of  attack 
as  the  maximum  against  which  one  should  prepare,  or  the 
enemy  may  make  a  slight  additional  effort  and  overwhelm  the 
defence.  It  is  not,  however,  necessary  to  mount  large  numbers 
of  the  heaviest  guns  on  our  land  fronts ;  nor  to  provide  largo 
quantities  of  ammunition ;  nor  to  use  methods  of  protection 
which  will  resist  the  most  powerful  siege  guns  for  long  periods. 
Things  niay  be  done  on  a  smaller  scale  and  still  be  ample  for 
our  requirements. 

Our  works,  therefore,  while  similar  in  arrangement  to 
those  built  by  continental  nations,  should  not  be  the  same 
as  theirs ;  and  the  desi^is  of  the  works  whose  construction  is 
described  in  the  following  pages  will  be  governed  by  the  conclu- 
sions here  arrived  at. 

369.  It  follows  from  this  Variety  of  principle  in  the  design  BWisionof 
of  works,  and  also  from  the  fact  that  national  and  individual  Jj^ng'^^^' 
peculiarities  affect  them,  that  wo  may  divide  all  fortifications  into  three  classes 
three  classes,  namely : — 

(a.)  Those  we  build,  and  may  have  to  defend ;  but,  it  is  to 
be  hoped,  Avill  never  have  to  attack. 

(b.)  Those  already  built  by  us;  which  we  may  have  to 
improve,  and  to  defend,  and  perhaps  in  similar  forms 
to  attack ;  for  formerly  there  was  not  such  a  diver- 
sity of  opinion  as  there  is  now  with  regard  to  the 
design  of  works* 

(o.)  Those  which  other  nations  build;  which  we  may 
have  to  attack,  or  perhaps  in  some  cases  to  defend. 

It  is  evident  that  we  are  first  concerned  with  (a) ;  then 
with  (6),  so  far  as  improving  the  works  is  concerned ;  out  when 
the  attack  comes  to  be  considered,  then  (e)  will  be  chiefly  inter- 
esting. The  defence  of  fortresses  will  aeal  with  all  three,  but 
chiefly  with  (a)  and  (6). 

Section  3, 

370.  There  is  another  set  of  considerations  connected  with  Elements  of 
the  defence  of  a  fortress,  which  it  is  most  desirable  to  notice  *^*  Wenoti 
before  going  any  further,  in  order  that  the  various  elements  of 

the  defence  may  be  given  their  proper  relative  importance. 
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This  is  the  more  necessary  as  some  of  the  material  elements^ 
Damely,  the  forts  and  batteries,  for  various  reasons  assume  an 
importance  beyoud  what  they  are  entitled  to,  and  are  often 
thought  to  constitute  the  fortress. 

This  is  due  partly  to  their  being  permanently  built,  and 
thus  always  in  evidence ;  partly  to  their  occupying  the  most 
important  positions,  and  denning  the  limits  of  the  place.  They 
do  not,  however,  really  come  first ;  there  are  other  things  of 
more  value. 

The  following  list  gives  the  elements  required  for  a  successful 
defence : — 

(1 )  A  good  Commandant. 

(2)  Troops  sufficient  both  in  quantity  and  quality. 

(3)  A  sufficiency  of  ammunition  and  stores. 

(4)  Enough   cover,   good  communications,  and   sufficient 

clearances. 

(5)  Secure  tactical  pivots,  ue.,  forts  or  redoubts. 

6)  Good  artillery  positions. 

7)  Good  shooting  lines. 


{ 


It  is  not  possible  to  put  these  in  absolute  order  of  import- 
ance, since  all  of  them  are,  in  a  measure,  essential  to  the. 
defence ;  but  this  will  serve  to  give  an  idea  as  to  how  thejr 
should  be  regarded. 

The  first  three  are  of  primary  importance,  but  their  pro- 
vision does  not  fall  into  the   province  of  the  engineer.      The 

OoniDAndaat*  value  of  a  good  Commandant  cannot  be  overrated.    An  excellent 

example  of  what  can  be  done  by  a  capable  man  was  supplied 
by  Colonel  Denfei-t-Rochereau,  in  the  defence  of  Belfort,  during 
the  Franco-German  War  of  1870-71.  With  great  deficiencies 
under  most  of  the  other  heads,  he  supplied  many  of  them  by 
his  skill  and  energy,  and  thi'ough  nis  successful  defence 
preserved  the  fortress  to  France. 

I£en.  The  necessity  for  having  enough  men  is  of  course  apparent, 

but  it  is  not  always  clearly  enough  recognised  that  everything 
else  is  subsidiaiy  to  the  troops.  All  the  works  are,  or  should 
be,  merelv  an  assistance  to  them  to  use  their -weapons  with  eflFect, 
and  should  be  aiTanged  with  this  object  in  view,  not  as  if  the 
works  were  to  defend  the  place  by  themselves. 

Stores.  By  stores  is  here  to  be  understood  guns,  ammunition  and 

food,  a«  well  as  other  necessaries.  '  The  need  for  them  is  also 
plain.     Every  defence  must  end  when  the  food  and  water  is" 
exhausted.     There  must  be  guns  and  rifles  with  which  to  reply 
to  the  enemy,  and  ammunition,  without  which  the  guns  art)" 
useless.      It  is  more  necessary  now    to   provide   a   sufficient* 
supply  beforehand  than  used  to  be  the  case,  since,  owing  to  the 
complexity  of  construction  of  ammxmition,  it  is  almost  or  quite 
impossible  to  make  it  except  in  properly  equipped  workshops, 
which  cannot  be  provided  in  every  fortress.    Indeed,  they  do 
,  .  .  .  not  exist  even  in  every  country.    Fortunately,  as  has  been  seen,- 

we  do  not  require  the  liberal  pro^Tsion  of  stores  necessary  to; 
resist  a  regular  siege. 
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Cover,   commuuications   and   clearances   are    placed  next,  CoTor, 
because  they  are  what  is  required  to  enable  the  soldier  to  use  Jj^J™*"*^*" 
his  weapon  with  effect,  whether  it  be  gun  or  rifle.      These  clearances, 
requirements  are   no    more   than  what  are   wanted  upon   an 
ordinary  battlefield ;   bat  while  on  the  latter  one  has  to  take 
what  one  gets,  in  this  respect,  with  very  little  improvement,  in  a 
fortress  their  provision  should  be  ensured,  either  by  executing 
them  at  once  or  by  making  such  preparations  for  doing  so  that 
they  may  be  carried  out  on  the  necessity  arising. 

By  cover  is  meant  protection  from  the  enemy's  projectiles, 
either  by  concealment,  or  by  the  use  of  buildings  which  are 
proof  against  their  effects.  Both  methods  are  employed  in 
fortresses.  The  latter,  in  forts  and  batteries  which  are  exposed 
to  direct  fire ;  the  former,  wherever  possible. 

Communications  include  roads  and  railways,  both  broad  and 
narrow  gauge. 

The  forts  come  next.     Their  chief  value  lies  in  the  fact  that  Forte, 
by  rendering  out-flanking  movements  on  the  part  of  the  enemy 
impossible,  they  enable  an  ofiicient  defence  to  be  earned  out 
with  a  much  smaller  number  of  men  than  would  be  possible  if 
they  did  not  exist. 

The  Artillery  positions  were  formerly  ide^itical  with  the  Artillery 
forts,  but  they  now  have  to  be  chosen  separately.     They  are  P^*^^^°*» 
here  mentioned  before  the  shooting  lines  for  infantiy  mainly 
on  account  of  their  being  more  difficult  to  select  and  to  prepare. 
The  whole  circumference  of  the  fortress,  indeed,  will  in  a  sense 
be  a  line  for  rifles,  but  it  will  require  to  be  improved  in  places. 


Section  4. 

371.  In  the  last  section  the  true  relative  impoi-tance  of  the  Permanent 
various  elements  which  combine  to  form  the  defence  of  a  T^***^** 
fortress  has  been  shown.  It  is  therefore  now  possible  to  look 
at  the  matter  from  a  different  point  of  view,  and  we  shall  not 
risk  the  danger  of  being  misled  in  this  respect,  if  we  now  give 
more  attention  to  those  works  which  are  permanently  con- 
structed than  to  others.  Referring  therefore  to  para.  369,  we 
will  consider  first — 

(a.)  Those  fortifications  which  we  build,  and  may  have  to 
defend;  but,  it  is  to  be  hoped,  will  never  have  to 
attack. 

A  dijBSculty  meets  one  at  the  outset  in  dealing  with  this  Notmnoh 
branch  of  the  subject.     So  Uttle  Land  Fortification  has  been  «^«<«««- 
built  in  the  British   Empire  of  late,  that  is,   since  the  great 
improvement  in  artillery  about  ten  years  ago,  that  it  is.  impos- 
flible  to  say  what  is  the  practice  in  this  matter  with  regara  to 
many  of  the  details.     They  have  not  yet  become  fixed. 

The  broad  rules  on  which  to  proceed  are,  however,  suffi-  General 
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ciently  clear,  as  they  are  common  to  English  aud  Continental 
Engineering. 

A  series  of  positions  for  troops  are  chosen  on  the  ground 
surrounding  the  town  or  other  area  to  be  defended,  at  a  sufficient 
distance  from  it. 

The  points  of  tactical  importance  included  in  them  are 
strengthened  by  works  of  defence.  Batteries  for  the  various 
artillery  weapons  in  use  are  arranged  in  the  intervals  between 
them.  In  addition,  roads  are  made  to  facilitate  the  movements 
of  the  defending  troops ;  barracks,  store  depots  and  magazines 
are  constructed ;  clearances  made ;  the  positions  for  infantry 
selected  and  sometimes  prepared;  and  various  accessory 
requirements  provided  for.  With  regard  to  many  of  these 
points  there  is  not  room  for  much  variety  of  type,  but 
this  is  not  at  all  the  case  as  to  the  main  works  and  batteries. 
It  is  therefore  necessary,  before  entering  upon  their  detailed 
construction,  to  consider  the  requirements  which  they  should 
be  designed  to  meet. 

372.  Firat,  however,  there  are  two  Questions  to  be  disposed 
of.  "What  is  the  "  sufficient  distance,'  mentioned  in  the  last 
paragraph,  from  the  town  to  be  defended  at  which  the  works 
should  be  placed?  and  what  is  a  "point  of  tactical  import- 
ance "  ? 

In  an  important  fortress  the  distance  at  which  the  works 
are  placed  depends  on  the  necessity  of  keeping  the  enemy  so 
far  off  as  to  prevent  his  bombarding  the  town  and  destroying 
the  stores  there.  Here  we  are  met  with  the  difficulty  that  the 
range  of  siege  guns  is  so  great  (the  6-inch  B.L.  is  sighted  up  to 
10,000  yards)  that  only  one  fortress,  namely,  Paris,  has  been  built 
large  enough  to  be  completely  safe  from  them.  It  is,  however, 
usuallv  considered  that,  owing  to  the  comparatively  small 
capacity  of  their  shell,  and  to  their  want  of  accuracy  at  long 
ranges,  the  bombarding  fire  of  guns  may  be  disregarded  without 
much  risk,  and  that  howitzers  only  need  be  considered.  Now 
the  maximum  range  of  the  8-inch  R.M.L.  hovatzer  is  6,300 
yards.  Taking  it  at  7,000  yards,  to  be  on  the  safe  side,  and, 
assuming  that  the  enemy's  bombarding  batteries  can  be  kept 
at  a  distance  of  2,000  yards  from  the  works,  we  arrive  at  the 
conclusion  that  the  latter  should  be  at  a  distance  of  about 
5,000  yards  from  the  exterior  of  the  place  to  be  defended. 
Now  a  town  of  the  size  of  Portsmouth  would  have  a  radius  of 
about  2,000  yards,  so  that  works  for  its  defence  would  have  to 
'be  disposed  on  a  circle  of  about  7,000  yards'  radius.  This  means 
a  length  of  22,000  yards  to  be  defended,  which,  if  not  provided 
with  works,  would,  on  the  usual  scale,  require  66,000  men  to 
hold  it.  With  fortifications  this  total  would  be  very  much 
reduced,  as  will  be  shown  later  on ;  but  this  fact  is  sufficient  to 
mark  the  advisability  of  keeping  the  radius,  and  therefore  the 
circumference  to  be  defended,  as  small  as  possible. 

It  will  not  be  necessary  to  exceed  this  radius  except  for  the 
purpose  of  taking  up  an  advantageous  position,  determined  by 
the  form  of  the  ground.  For  the  same  reason  it  may  occasion- 
ally be  desirable  to  move  back. 
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In  minor  fortresses  the  number  of  men  available  for 
their  defence  exercises  a  great  influence  in  determining  their 
size.  It  is  always  desirable  to  keep  the  number  of  troops 
locked  up  in  garrisons  at  a  minimum,  and  where  there  are  not. 
many  stores  nor  a  large  civil  population  sufficient  security  can 
be  got  by  concealment  anci.by  building  casemated  cover, 
without  placing  the  works  on  such  a  lar^e  radius.  In  some 
situations  even  single  forts  may  be  used  independently,  as  in 
the  case  of  the  *'  barrier  forts  '*  on  the  eastern  frontier  of  France. 

373.  As  to  what  is  a  "point  of  tactical  importance,"  the  A  "Point  of 
question  may  be  answered  by  saying  that  it  is  any  point  that  ij^^J^moe»» 
tnere  would  be  a  strong    objection,  on  military  grounds,  to 

seeing  occupied  by  the  enemy.  If  there  is  a  place  from  which 
he  can  enfilade,  or  take  in  reverse,  any  of  your  lines,  interrupt 
your  communications,  or  threaten  your  line  of  retreat,  this  has 
tactical  importance.  It  may  be  rising  ground,  from  which  a 
view  of  your  position  is  to  be  obtained ;  or  a  junction  of  roads 
interfering  ^dth  your  movements,  or  assisting  his;  or  a  bridge 
over  a  river,  ^^dthin  the  field  of  operations ;  or  a  clump  of  trees ; 
or  many  other  accidents  of  the  ground.  The  points  are  of 
varying  degrees  of  importance,  and  the  number  of  them  in  a 
position  depends  on  the  form  of  the  ground  and  on  the  range 
of  the  weapons  employed. 

It  may  DC  as  well  to  point  out  here,  that  in  order  to  hold  a 
point  of  tactical  importance-  it  is  not  always  necessary  to  con- 
struct a  work  actually  on  the  spot.  A  fort  would  usually  be  in 
advance  of  a  junction  of  roads ;  it  might  be  either  in  rear  or  in 
front  of  a  bridge  according  to  the  ground ;  it  would,  however, 
usually  be  placed  upon  any  rising  ground  which  was  required  to 
be  held. 

374.  We  may  now  go  on  to  consider  the  requirements 
which  govern  the  designs  of  the  various  classes  of  works  used 
in  a  fortress. 

•  Down  to  the    period    immediately  following  the  Franco-  Former 
Oerman  War  of  1870-71  the  detached  forts  surrounding  a  place  airangamenu 
were  designed  to  contain  in  themselves  all  the  main  elements  ®'  ^^^' 
of  defence.     They  contained  nearly  the  whole  of  the  artillery, 
which  was  mounted  on  their  rampai'ts ;  part  of  their  parapets 
would  be  arranged   for  infantry  ;  a  step-by-step  defence  was 
arranged  for  by  means  of  deep  and  well-flanked  ditches,  and 
sometimes    by  systems  of   mines;   they  contained  casemated 
baiTacks  for  ^oops,  magazines  for  ammunition,  and  accommo- 
dation for  stores.     They  were  usually  built  up  with  considerable 
command  over  the  ground  outside,  as  it  was  considered  that 
this  would  be  advantageous  during  the  last  stage  of  an  attack. 
High  traverses  in  many  cases  projected  above  tho  parapet  and 
increased  the  conspicuousness  of  the  work. 

But  the  great  miprovements  effected  in  artillery  in  the  last  Improred 
few  years  have  caused  it  to  be  generally  recognised  that  this  is  "n»n««o«iitit 
no  longer  a  practicable  arrangement  for  war.     The  forts  stand- 
ing up  in  marked  isolation,  formed  easy  objects  for  the  enemy's 
fire.    Containing  as  they  did  all  the  princii>al  defences,  it  would 
only  be  necessary  to  Iiammer  them  sufficiently,  to  destroy  all 
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power  of  resistance.  Dismounting  guns  and  breaching  escarps 
could  go  on  simultaneously,  and  the  concentrated  bombardment 
would  probably  drive  out  the  garrison  before  the  time  came  to 
use  the  contrivances  so  carefully  arranged  for  close-  defence. 
Some  change  was  necessaiy,  and  one  step,  at  any  rate,  was 
plain  enough.  It  was  in  no  way  a  necessity  to  keep  the  guns 
m  the  forts.  It  had  been  originally  mainly  a  matter  of  con- 
venience and  economy,  and  was  good  for  oirect  fire  at  short 
ranges.  Under  the  alterod  circumstances,  however,  con- 
venience and  economy,  as  fonnerly  studied,  had  to  give  way, 
and  it  is  universally  admitted  that,  at  any  rate,  the  chief  portion 
of  the  aimament  should  be  in  the  intervals  between  the  forts. 
Tlus  change  has  been  facilitated  by  the  introduction  of  im- 
proved weapons  for  curved  fire,  and  of  methods  of  indirect 
laying  which  do  not  require  the  guns  to  be  sighted  directly 
where  fixed  objects  are  to  be  fired  at.  This  largely  increases 
the  choice  of  positions  for  the  batteries  of  the  defence,  snice  it 
is  no  longer  necessary  to  put  the  guns  on  the  commanding  sites 
from  which  everything  can  be  seen.  It  also  reduces  the  value 
of  the  direct  fire  at  short  ranges  from  the  fort,  as  the  ground 
can  now  to  a  great  extent  be  defended  by  means  of  curved  fire 
from  a  distance.  Moreover,  since  the  effective  ranges  are  so 
much  increased,  the  shorter  ones  have  become  of  less  relative 
importance. 
Advantages  of  375.  Where  this  change  has  been  adopted  the  work  of  the 
improved  besieger  will  be  greatly  increased.  In  carrying  out  the  opera- 
arrangement.  ^jQug  Qf  a^  regular  siege  it  is  absolutely  necessary  for  him  to 
estabhsh  a  superiority  over  the  artilleiy  of  the  defence,  and  to 
silence,  at  any  rate,  the  greater  pai-t  of  it,  or  he  will  be  unable 
to  advance  up  to  the  works  to  be  taken.  But  with  modern 
arrangements  all  ammunition  devoted  to  this  purpose  will  have 
done  nothing  towards  reducing  the  actual  defences  of  the  forts 
themselves.     They  will  have  to  be  dealt  with  separately. 

Moreover,  when  it  is  no  longer  necessary  to  provide  for  a 
large  armament  in  the  forts,  their  design  becomes  simpler :  tliey 
need  no  longer  contain  so  many  stores  or  men,  and  they  Avill 
not  be  so  conspicuous,  and  they  will  thus  be  more  difficult  to 
attack. 

The  advantages  of  this  separation  of  the  armament  from  the 
forts  are  most  marked  in  the  case  of  a  regular  siege.  Still, 
they  exist,  though  not  to  such  a  great  extent,  in  the  cases  of 
assault  and  bombardment.  An  assault,  to  have  any  permanent 
result  if  it  should  succeed,  must  be  directed  against  a  work 
occupying  a  point  of  tactical  impoi'tance.  The  neighbouring 
batteries  therefore  not  being  directly  threatened  would  be  able . 
to  give  this  work  effective  suppoi-t.  A  bombardment  directed 
against  the  works  would  be  resisted  in  the  same  way.  Against 
surprise  there  is  certainly  no  advantage  derived.  More 
watchfulness  would  be  required,  since  there  is  more  to  guard ; 
for  it  might  be  worth  while  for  the  besieger  to  attempt 
to  surprise  an  individual  battery  in  order  to  silence  it  in  this 
way.  : 

-  Of  course  if  any  part  of  the  operations  of  a  regular  siegO^ 


INTRODITOTORY  CONSTDERATIONS.  T5 

were  commenced  even  without  being  carried  completely 
through,  the  advantages  of  the  arrangement  would  be  pro- 
portionately apparent. 

It  is  also  to  be  noted  that  some  of  these  advantages  would 
be  attained  iA  the  case  of  old  forts  by  the  removal  of  the  guns. 
The- enemy's  fire  will  be  divided  and  the  amount  of  vulnerable 
target  in  the  forts  can  be  diminished. 

376.  So  far,  all  is  harmony.      The  differences  come  in  with  Debated 
iJie  replies  to  the  following  questions : — Should  all  the  guns  be  <l^®stionB. 
taken  out  of  the  forts?     If  not,  which  should  remain?     What 
should  be  their  function?      How  should  they  be  protected? 

How  far  apart  should  thfe  forts  be  placed  ?  Also,  what  protec- 
tion is  required  for  the  gjins,  howitzei*s,  and  mortars  in  the 
intermediate  batteries  ?  There  seem,  indeed,  to  be  nearly  as 
many  replies  as  there  are  engineei's  in  Europe  who  have  written 
on  tne  subject.  It  is  necessary,  however,  to  come  to  some  con- 
clusion for  ourselves  on  grounds  which  will  bear  examination, 
and  it  seems  quite  possible  to  do  so  when  one  keeps  in  mind 
the  conditions  which  we  have  seen  that  the  defences  in  the  ' 
British  Empire  are  required  to  fulfil. 

377.  Tnere  are  only  two  ways  of  obtaining  security  for  guns,  Protection  or 
or,  indeed,  for  anything  else ;  these  are,*protection  and  con-  concealment, 
cealment.      Protection    aims    at    intercepting  the   projectiles 

before  they  can  reach  their  mark.  Concealment  aims  at  so 
placing  the  objects  to  be  guarded  that  the  enemy  shall  not  be 
able  to  direct  his  fire  on  them.  In  the  case  of  guns  neither 
method  can  give  absolute  security.  Armour  cannot  be  made 
impenetrable  to  a  continuous  battering,  unless  excessively 
thick  and  costly.  Even  then,  the  moving  mechanism  may  be 
injured  by  shock :  the  muzzle  of  the  gun  must  be  exposed,  at 
any  rate,  at  the  instant  of  firing ;  and  it  may  be  possible  to 
attack  the  foundations. 

Concealment   cannot  be   absolute  so  long  as  there  is  the  Concealment, 
sound  of  the  discharge  and  the  flight  of  the  projectile  as  a 

Slide,  although  there  will  no  longer  be  the  smoke  to  help, 
oreover  spies,  deserters,  and  balloons  will  all  help,  and  very 
often  the  form  of  the  ground,  as  known  from  the  maps,  will 
afford  a  good  guess  as  to  where  the  battery  is  likely  to  be 
placed.  A  combination  of  concealment  and  protection  is 
advocated  in  some  cases :  that  is,  the  gun  is  to  be  protected 
and  also  hidden  as  far  as  possible  from  the  enemy.  This,  no 
doubt,  is  the  safest  possible  arrangement,  but  would  be  very 
costiv  if  applied  to  all  the  guns  of  a  fortress. 

The  decision  as  to  the  amount  of  protection  or  concealment 
desirable  can  be  arrived  at  only  by  considering  the  nature  of 
the  weapons  employed  and  their  chances  of  hitting.  It  is  the 
alterations  and  improvements  in  these  respects  that  cause  the 
changes  in  the  design  of  fortifications.  They  can  be  partly 
arrived  at  by  peace  experiments,  but  require  to  be  checked  and 
modified  by  a  consideration  of  what  happens  in  war,  when  the 
theoretical  accuracy  of  a  gun  is  largely  neutraUsed  by  defects 
in  the  way  of  using  it. 

878*.  Thus,  suppose  a  ^xm  to  be  mouated  **  overbank,"  as"  Bisk  to  ba 

run. 
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it  is  called,  that  is  to  say  with  the  gun  itself  visible,  but  with 
the  mounting  and  the  gunners  concealed  behind  the  parapet. 
Fired  at  by  a  field  gun  at  3,000  yards' range  the  probable 
number  of  hits  on  such  a  mark  with  careful  peace  practice 
would  be  S  per  100.  In  war,  with  all  its  difficmties,  wnen  the 
overbank  gun  would  reply  to  its  antagonist,  it  would  be  far  les«. 
It  is  e\ddent  that  guns  so  mounted,  unless  largely  outnumbered, 
could,  at  any  rate,  be  utilised  against  an  investing  force  unpro- 
vided with  siege  artillery.  They  would  probably  be  silenced 
before  long  by  cui-ved  fii-e ;  not  because  this  is  more  accurate, 
since  the  reverse  is  the  case,  but  on  account  of  the  larger  mark 
aimed  at,  which  with  curved  fire  is  the  mounting  and  detach- 
ment, and  the  greater  area  covered  by  the  fragments  of  the 
projectiles.  Even  then  the  probability  is  that  it  would  require 
a  great  many  rounds  actually  to  dismount  the  guns.  Future 
developments  of  artillery  may  render  the  attack  more  effective, 
but  as  things  are  at  present,  guns  mounted  overbank  could  be 
used  against  attacKS  which  did  not  develop  into  a  regular 
siege.  They  may  therefore  be  used  in  our  works,  but  they 
must  be  combined  with  other  artillery  in  more  secure  positions^ 
in  order  that  a  regular  siege  promising  axi  easy  termination 
may  not  be  undei-taken  by  the  enemy. 

The  additional  security  required  may  certainly  in  our  case  be 
obtained  by  concealment.  All  but  tne  most  thorough-going 
advocate?  of  iron  protection  are  content  with  concealment  for 

Eortions  of  the  intermediate  armament,  and  it  would  certainly 
e  enough  to  deter  an  enemy  from  commencing  a  regular  siege 
which  would  require  a  large  amount  of  stores  to  carry  through. 
Ojnclusion.'  379.  We  therefore  arrive  at  the  conclusion  that  in  a  British 

fortress  a  portion  at  least  of  the  guns,  howit2sers,  and  mortars 
required  to  act  against  the  enemy's  artillery  should  be,  as  far 
as  possible,  concealed  from  his  view,  but  that  the  remainder 
may  even  be  mounted  overbank,  and  that  costly  armoured 
protection  against  artillery  need  not  be  resorted  to.  **  Dis- 
appearing "  guns,  that  is,  guns  which  are  only  raised  above  the 
parapet  when  they  are  about  to  be  fired,  may  obviously  be 
used  with  advantage. 

The  protection  that  is  good  enough  for  an  open  battery  is 
also  obvibusly  sufficient  for  a  concealed  one.  All  our  guns^ 
therefore,  may  be  mounted  behind  open  parapets,  that  is 
without  cupolas  or  casemated  overhead  cover. 

The  question  as  to  the  nature  of  the  protection  required  for 

the  armament  of  the  intermediate  batteries  is  thus  answered. 

Armament  380.  Now,  should  all  the  armament  be  in  the  intermediate 

to  bo  in  forts    batteries,  or  should  some  of  it  be  retained  in  the  forts  ?     'J^e 

b'tte  •    P        answer  to  this  question  depends  on  the  use  to  be  made  of  it. 

A  part  of  the  total  armament  is  required  for  firing  on  the 
enemy's  guns  and  batteries.  This  part  can  be  fired  indirect  by 
observation.  But  part  must  be  available  for  firing  at  his  troops 
whether  at  a  distance  or  advancing  to  the  attack.  Guns  for 
this  purpose  must  be  laid  direct,  lliking  those  for  long  range 
work  first,  they  might  be  either  **  overbank  "  or  **  disappearing." 
As  for  their  position,  whether  in  the  forts  or  in  intermediate 
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baiteries,  that  is  a  matter  which  depends  on  the  form  of 
the  ground.  It  is  necessary  that  they  should  command  the 
gi-ound  in  front  of  the  works.  If  this  can  bo  done  from 
intermediate  batteries  the  best  course  to  adopt  is  to  mount 
them  in  such  works,  for  we  have  seen  that  it  is  desirable  to 
separate  the  guns  from  the  forts.  If,  however,  as  is  sometimes 
the  case,  the  ground  can  only  be  seen  from  the  forts,  then  the 
guns  must  go  there.  It  is  essential  that  they  should  be  able 
to  fire  with  effect. 

381.  At  the  shorter  ranges  the  case  is  somewhat  different.  Defence  of 
The  points  of  tactical  importance  occupied  by  the  forts  derive  interralt, 
that  importance  from  the  fact  that  they  command  the  ground 
between  them,  so  that  they  cannot  bo  passed  with  impunity. 

But  this  command  must  be  effective;  that  is  to  say,  tne  fort 
must  be  able  to  fire  on  the  ground  or  it  is  practically  silenced 
and  useless.  This  fire  may  be  only  that  of  rifles,  but  it  seems 
unwise  to  give  up  the  powerful  assistance  of  artillery.  On  the 
flanks  of  the  foii,  therefope,  there  should  be  guns.  The  ordinary 
methods  of  mounting  will  suffice,  as  they  can  be  better  pro- 
tected from  distant  fire  than  if  they  were  on  tlie  front  laces. 
Heavy  guns  need  not  be  used,  as  they  are  required  only  against 
men,  not  against  earthworks.  The  maximum  interval^between 
the  forts  would,  therefore,  be  about  two  miles,  the  limit  of  field 
gun  shrapnel.  The  actual  intervals  to  be  used  in  any  particular 
case  depends  mainly  on  the  ground.  Points  of  tactical  im- 
portance do  not  often  recur  at  intervals  of  two  miles.  The 
mterval  may  even  be  doubled,  though  then  the  ground  is  only 
commanded  from  one  flank,  unless  heavier  guns  be  used;  or  it 
may  be  much  diminished,  when  it  may  be  unnecessary  to  use 
guns  at  all. 

382.  We  have  thus  arrived  at  the  following  conclusions  : —  Oonolusion^ 
It  is  desirable  that  the  forts  should  be  at  intervals  of  not  more 

than  two  miles  apart  if  the  ground  suits;  they  should  contain 
light  guns  on  the  flanks,  and  sometimes  on  the  front  faces ; 
some  of  the  intermediate  batteries  should  be  concealed  from  the 
view  of  the  enemy ;  the  guns  may  be  mounted  behind  open 
parapets,  either  "  overbank  *'  or  "  disappearing." 

383.  There  are,  however,  another  set  of  considerations  to  Protection 
be  taken  into  account  before  finally  settling  on  the  arrangement  jgwMt  rifle 
of  the  armament  of  a  fort.     Suppose  the  enemy,  by  any  means,  to 

make  his  way  to  within  medium  rifle  range  (800  vards)  of  a 
fort,  a  fresh  condition  is  then  introduced,  namely,  tne  accurate 
fire  of  rifle&  Against  these  the  workinfj  of  overbank  and  dis- 
appearing guns  would  be  slow  and  difficult.  Even  the  rifle 
fire  from  the  parapets,  although  the  individual  men  would  be 
safer  than  those  outside,  would  be  liable  to  be  overpowered 
by  an  enveloping  attack  assisted  by  the  enemy *h  artillery  firing 
over  the  heads  of  his  infantry.  "  Blind  firing  "  might  of  course 
be  resorted  to,  that  is,  laying  tho  rifle  on  the  parapet  and  firing 
without  looking  over,  as  the  Turks  did  at  Plevna,  but  this  form 
of  concealment  cannot  be  considered  satisfactory.  To  meet 
this  case  some  form  of  protection  would  seem  desirable,  which 
will  enable  an  aimed  fire  to  be  kept  up.  This  may  be  found  in 
(8250)  C 
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TourellM. 


Nature  of 
pioteotion  for 
intermediAte 
batteries. 


Intermediate 
batteries  not 
all  to  be 
permanent. 


the  "tourelle,"  or  small  turret,  for  quick-firing  and  maoliine 
guns  which  is  being  introduced  in  many  places  on  the  Conti- 
nent. This  is  small,  about  6  feet  across  and  1  foot  3  inches 
high,  and  is  therefore  difficult  to  hit,  and  can  certainly  resist 
the  projectiles  from  field  guns.  If  several  are  set  up,  it  Avould 
be  safe  to  count  on  some,  at  least,  being  available  Avhen 
required.  It  is  a  matter  for  experiment  whether  it  is  better  to 
arm  them  ^vith  machine  or  quick-firing  guns.  The  latter,  if 
sufficiently  effective,  would  be  able  to  act  up  to  longer  ranges 
than  the  former,  and  would  thus  supplement  the  guns  in  the 
flanks  for  the  defence  of  the  intervals. 

Tourelles,  therefore,  should  be  added  to  any  forts  that  are 
Kable  to  attack  by  assault,  or  which  from  any  reason  can  be 
approached  to  within  800  yards  by  the  enemy  without  his 
suffering  material  loss. 

384.  We  have  seen  (para.  379)  that  the  armament  of  the 
intermediate  batteries  of  a  fortress  should  all  be  behind  open 
parapets,  and  that  part  should  be  concealed  and  arranged  for 
indirect  fire,  part  arranged  for  direct  fire.  All  howitzers 
and  mortars  will  be  arranged  for  indirect  fire,  but  not  many 
guns. 

The  amount  of  protection  given  to  the  batteries  will  depend 
on  what  may  have  to  be  resisted  in  each  case.  Thus  a  battery 
entirely  concealed  behind  a  hill  cannot  be  struck  directly,  and 
will  only  require  a  light  parapet  to  limit  the  effect  of  bursting 
shell.  If  it  were  merely  concealed  by  vegetation  through  which 
projectiles  could  pass,  it  might  be  advisable  to  make  the 
parapet  stronger. 

Guns  for  direct  fire  should,  of  course,  be  protected  as  much 
as  is  possible  with  the  appliances  in  use.  It  is  desirable  that 
they  should  be  on  disappearing  mountings,  and  they  should  be 
rendered  as  difficult  to   observe   as  p6ssil3le   by  forming  the 

Earapet  so  as  to  harmonise  with  the  suiTounding  gi-ound,  and 
y  planting  bushes  and  trees  both    as   backgrounds   and   as 
screens  in  front. 

Arrangements  may  be  made  for  alternative  positions  for 
ffuns  so  that,  if  the  enemy  discovers  the  site  of  a  battery  and 
directs  a  heavy  fire  on  it,  it  may  be  possible  to  move  the  guns 
to  another  place  where  they  can  continue  the  action.  The  use 
of  this  manoeuvre  is,  however,  limited  by  the  number  of  spare 
sites  available,  which  is  not  likely  to  be  large. 

In  fact,  as  the  object  of  an  artillery  defence  should  be  to 
overpower  the  enemy  by  a  superior  fire,  as  many  guns  should 
be  brought  into  action  against  a  serious  attack  as  there  are 
suitable  places  for.  In  this  case,  therefore,  the  manoeuvre  is 
impracticable,  since  all  the  batteries  would  be  filled  up.  In  the 
earlier  stages  of  a  siege,  however,  before  the  attack  has  fully 
developed,  it  might  be  feasible. 

385.  It  would  not  be  necessary  or  even  desirable  to  build 
all  the  intermediate  batteries  of  a  fortress  in  a  permanent  form. 
Those  to  be  so  constructed  and  armed  would,  in  tlie  first  place, 
be  those  required  for  the  guns  necessary  to  oppose  an  inVest- 
nient  or  an  assault.    In  addition,  those  might  be  built  which 
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would  occupy  sites  otherwiHe  advantageous,  but  which,  from 
their  nature,  would  require  lengthy  preparation.  This  would 
often  be  the  case  on  irregular  rocky  gi'ound.  It  might  be 
sufficient  merely  to  prepare  the  site.  The  remaining  batteries 
might  be  left  to  be  made  when  the  need  arose;  they  may  never  be 
required  at  all.  They  cannot  possibly  be  required  all  round  the 
foi*tress.  In  the  meantime  the  expense  of  their  construction  and 
maintenance  is  saved,  and  possible  future  antagonists  are  kept  in 
ignorance  of  their  position  and  form.  Every  preparation, 
however,  in  the  way  of  surveys  and  plans  should  be  made 
beforehand,  so  that  tney  may  be  rapidly  constructed  when  they 
^re  wanted. 

386.  The  greatest  possible  assistance  in  constructing  and  Roads, 
arming  the  batteries,  and  in  supplying  them  Avith  stores  as  well 

as  in  moving  troops,  will  be  derived  from  a  good  system  of 
communications.  Well-made  roads,  sufficiently  wide  to  allow 
of  military  vehicles  passing  one  another,  should  lead  from  the 
centre  of  the  fortress  up  to  the  various  fighting  positions.  A 
road  should  also  pass  around  the  rear  of  the  positions  commu- 
nicating with  the  forts,  and  roads  must  be  made  to  the  sites  of 
the  batteries.  A  road  of  some  sort  is  a  necessary  preparation 
to  the  construction  of  a  battery,  and  may  often  be  advan- 
tageously made  in  peace  time,  even  when  the  work  itself  is  to 
be  postponed.  Tnese  roads  should,  as  far  as  possible,  be 
covered  from  view  from  the  front.  This  is  specially  necessary 
for  the  road  in  rear  of  the  positions,  which  must  be  screened  by 
a  parapet,  by  trees,  or  by  some  other  means  if  it  is  to  be  of 
much  use. 

387.  A  road  may  often  be  most  usefully  supplemented  by  a  Bailways. 
railway ;  besides  facilitating  the  movement  of  stores,  it  can  be 

used  in  moving  guns  into  alternative  positions.  By  an*anging 
it  so  that  the  guns  can  be  run  easily  on  and  off  the  trucks,  the 
time  occupied  in  shifting  them  would  be  much  reduced. 
Various  proposals  have  been  made  for  mounting  guns  so  that 
they  may  be  fired  off  the  railway  trucks,  and  in  this  way  the 
greatest  possible  mobility  would  be  secured ;  but  the  ground 
cannot  be  expected  to  be  always,  or  indeed  often,  suitable.  It 
would  in  some  cases  be  worth  while  to  lay  a  short  independent 
length  of  rail  for  the  service  of  a  particular  group  of  guns,  even 
if  it  could  not  be  put  in  connection  with  the  main  line. 

A  railway  would  be  an  immense  help  in  moving  guns  from 
different  parts  of  a  fortress  to  the  fronts  actually  attacked.  The 
motive  power  would  not  necessarily  be  steam ;  usually, 
indeed,  horses  would  be  employed. 

388.  Shooting  hues  for  iafantry  will  be  required  between  Infantry 
and  often  in  advance  of  the  forts.     Indeed,  the  same  reasoning  ^^'^•■• 
which  has  caused  the  removal  of  the  guns  from  the  forts  also 

leads  to  the  removal  of  the  infantry  to  as  great  an  extent  as  is 
practicable,  and  at  all  events  to  their  being  kept  under  cover 
until  the  position  of  the  enemy  is  such  that  the  parapet  of  the 
fort  is  the  only  place  from  which  an  effectual  fire  can  be 
delivered. 

It  will  rarely  be  desirable  to  form  these  shooting  lines  before- 
(8250)  0  2 
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hand.  They  can  be  thrown  np  when  wanted  in  the  form  of 
shelter  trenches.  The  best  positions  for  them  should,  however, 
be  studied,  and  recorded,  and  the  best  communications  to  them 
decided  on.  It  will  usually  be  more  desirable  to  construct  the 
latter  than  the  lines  themselves. 

389.  Clearances  are  of  even  more  importance  in  front  of  a 
fortress  than  of  a  field  position.  If  the  country  is  at  all  close, 
the  enemy  will  be  enabled  to  cover  bis  advance  without  much 
difficulty  up  to  the  edge  of  the  cleared  space.  A  space  of  about 
400  yards,  which  is — "  short "  rifle  range — ^in  front  of  the  most 
advanced  shooting  lines,  should  be  thrown  thoroughly  open  to 
fire.  Beyond  that  distance  so  much  is  perhaps  not  required ; 
the  enemy  can  be  prevented  from  using  small  patches  of  cover 
by  shell  fi.e,  as  then:  position  and  extent  would  be  thoroughly 
known.  Clearance  operations  may  be  profitably  carried  on  up 
to  at  least  3,000  yards  from  the  fortress,  or  even  to  5,000  yards 
if  the  ground  is  otherwise  visible. 

Between  the  forta  the  amount  of  clearance  desirable  will 
depend  on  the  position  of  the  infantry  shooting  line  and  on  the 
importance  attached  to  the  flanking  hve  from  the  foists.  If  the 
infantry  lines  are  pushed  to  the  front  it  wiir  not  do  to  clear 
about  them,  and  in  rear  of  them,  as  it  would  show  up  one's  own 
men  instead  of  the  enemy.  At  the  same  time  it  would  not  be 
right  to  allow  the  view  from  the  foi-ts  to  be  blocked,  while 
depending  on  being  able  to  clear  later  on,  since  a  sudden 
move  of  the  enemy  might  forestall  one  before  the  work  could 
be  executed.  Some  compromise  must  be  amved  at,  probably 
by  clearing  lanes  for  the  forts  to  fire  down  and  preserving 
uncleared  belts  to  cover  the  infantry.  This  is  essentially  a  point 
to  be  determined  on  the  gi'ound.  The  amount  of  clearance  to 
be  done  in  peace  time,  and  what  may  be  left  as  a  preparation 
for  war,  depends  mainly  on  its  total  quantity  and  nature.  If  it 
is  not  great  it  had  better  be  left,  as  the  garrison  will  be  able  to 
deal  with  it,  and  will  find  brushwood  very  useful.  On  the  other 
hand,  some  fortresses  are  so  enveloped  with  wood  that  their 
surroundings  could  never  be  cleared  in  any  reasonable  time,  an4 
some  preliminary  work  fehould  be  undertaken  during  peace* 
With  regard  to  buildings,  they  should  not  be  allowed  near  a 
fort ;  at  a  distance  they  do  not  so  much  matter. 

390.  There  are  various  accessories  to  the  defence  which 
may  be  classified  together  under  the  heading  of  "means  of 
observation."  They  are  of  the  highest  importance  now  that 
concealment  is  so  largely  resorted  to  as  a  means  of  defence. 

For  directing  the  fire  of  hidden  batteries  observing  stations 
are  required  containing  means  for  ascertaining  the  position  of 
the  enemy,  and  of  transmitting  the  information  when  found  to 
the  guns.  An  observing  station  would  include  a  look-out  place 
provided  with  a  telescope  suitably  mounted,  and  a  map  of  the 
surrounding  country,  and  also  telephones  and  signalling  ap« 
paratus. 

The  observing  stations  will,  as  a  rule,  be  placed  in  the 
forts  as  affording  the  best  field  of  view,  and  they  must  be  given 
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as  mucli  protection  as  is  possible,  since  the  eflficiency  of  the  fire 
largely  depends  on  them. 

Sometimes  two  stations  at  a  kno^vn  distance  apart,  and  pro- 
vided with  theodolites  or  other  similar  surveying  instruments, 
are  required  in  order  to  determine  the  exact  position  of  the 
enemy's  batteries. 

Field  observatories  are  lofty  structures  of  scaffolding  which 
can  be  rapidly  raised  in  order  to  suivey  the  ground  from  an 
eminence.  These  would  now  be  usually  superseded  by  captive 
balloons,  which  would  be  very  necessary  in  a  besieged  fortress, 
and  which,  it  may  be  here  observed,  would  be  certainly  used 
against  one. 

In  order  to  guard  against  surprise  at  night,  and  also  to  detect  Eleotrio 
working  parties,  electric  lights  will  be  employed.     These  may  ^^ 
or  may  not  require  permanent  emplacements,  according  to  the 
construction  of  their  fittings,  but  sites  for  them  and  for  their 
engines  should,  at  any  rate,  be  chosen. 

39L  Quarters  for  troops  form  an  important  part  of  a  BaixMkf. 
fortress,  though  they  are  not  usually  included  under  the  heud 
of  fortification.  They  may  be  divided  under  three  heads — 
barracks,  camps,  and  casemates.  Barracks,  as  a  rule,  are  built 
to  suit  peace  requirements,  and  are  usually  grouped  together 
in  some  central  position  for  convenience  of  command,  drill,  and 
discipUne.  In  war  time  these  would  form  the  quartera  of  the 
reserve.  Small  permanent  barracks  are  sometimes  built  near 
forts  or  groups  of  works  for  the  accommodation  of  the  men 
necessary  to  take  charge  of  them.  Such  barracks  will  not,  as  a 
rule,  be  of  much  use  in  war  time,  as  their  sites  will  be  chosen 
for  convenience  in  peace  time,  and  with  a  view  to  getting  the 
best  sanitary  couditions.  It  is  very  necessary  to  be  careful 
that  they  are  not  so  placed  as  to  have  a  prejudicial  effect  on 
the  defence  by  giving  cover  to  the  enemy,  or  by  causing  injury 
from  splinters  if  stinick. 

During  a  siege  most  of  the  troops  would  be  camped,  hutted, 
or  quartered  in  houses  near  their  fighting  stations.  Their 
positions  should  be  chosen  beforehand,  and  provision  made  for 
their  communications  and  water  supply,  it  is  very  desirable 
that  these  two  requirements  should  be  arranged  for  per- 
manently. 

The  men  on  duty  in  the  forts  and  batteries  must  be 
protected  by  casemates,  which  should  form  part  of  the  per- 
manent construction.  These  used  .to  be  built  so  as  to  be 
occupied  as  peace  barracks,  but  this  is  not  now  thought 
desirable,  and  they  are  made  so  as  to  be  used  as  war-time 
shelters  only. 

392.  Finally,  stores  have  to  be  accommodated,  without  Storea. 
which  all  the  appliances  and  men  enumerated  above  are  useless. 
The  main  store  buildings,  both  for  ammunition,  food,  and 
material,  should  be  in  the  central  and  safest  part  of  the  fortress, 
and  should  thus  obtain  the  necessary  security.  They  can  then 
be  conveniently  arranged.  Stores  should  as  far  as  possible  be 
kept  out  of  the  forts  and  batteries,  although  a  portion  must 
be  placed  there  for  immediate  requirements. 
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The  ammunition  requires  to  be  specially  guarded  against 
projectiles,  and  except  when  in  small  quantities,  should  be  kept 
in  shell-proof  magazines.  These  should  be  placed  where  the^ 
would  be  safe  and  convenient  for  the  guns.  The  forts,  there- 
fore, as  a  rule,  would  not  be  the  best  places  for  magazines,  but 
they  should  be  independent  of  other  works. 

A  secure  and  sufficient  water  supply  is  necessary  in  all 
forts,  batteries,  barracks,  camps,  stores,  or  other  places  where 
men  are  employed. 

393.  A  short  description  of  the  maimer  in  which  the 
various  works  and  appliances  constituting  a  fortress  are  handled 
in  the  defence  will  complete  the  general  view  of  the  subject 
which  has  been  taken  before  entering  into  detail. 

Before  the  enemy  appears  the  troops  of  the  garrison,  aided 
by  any  other  workmen  that  may  be  procurable,  must  make 
every  effort  to  put  the  defence  into  a  state  to  resist  the 
preliminary  operations  of  a  siege.  This  they  would  do  by 
building  any  intermediate  batteries  that  may  be  requii'ed  and 
arming  them ;  by  building  casemates  where  the  existing  ones 
do  not  give  sufficient  accommodation;  by  placing  obstacles 
around  the  forts ;  by  making  roads ;  by  throwing  up  parapets 
for  infantry  and  clearing  the  ground;  and  by  constructing 
encampments.  It  must  not  be  forgotten  that  sanitary  and 
commissariat  services  have  also  to  be  attended  to  and  the 
requirements  of  the  civil  population  met,  all  of  which  will 
reduce  the  labour  and  energy  that  can  be  devoted  to  the 
fortifications. 

394.  The  investment  should  be  resisted  by  attacking  the 
enemy's  troops  on  the  march,  in  whatever  manner  the  numbers 
of  the  defenders  will  admit.  In  this  operation  the  fortress  will 
iivt  play  any  direct  part,  unless  the  enemy  is  drawn  within 
range  of  its  guns. 

'J'he  gamson  will  continue  to  hold  on  to  positions  in 
advance  of  the  forts  until  dislodged  by  force.  This  is  with  the 
object  of  preventing  the  siege  works  being  at  once  begun  near 
the  forts.  The  resistance  offered,  however,  must  not  be  too 
obstinate,  or  it  may  cost  too  much  both  in  men  and  material 
that  cannot  be  replaced. 

395.  When  the  enemy  has  arrived  near  enough  to  the 
place  to  be  able  to  begin  his  butteries  of  attack  every  effoi't 
must  be  made  to  find  out  where  they  are,  and  to  open  fire  on 
them,  if  possible,  before  they  are  ready  to  reply.  This  may 
delay  or  even  prevent  their  completion.  Any  guns  that  are 
mounted  in  the  place  within  range  mav  assist  in  this  operation. 
Efforts  would  be  made  to  fuUy  ai-m  the  intermediate  batteries 
on  the  fronts  attacked  as  soon  as  it  has  been  discovered  which 
these  are  to  be,  since  each  side  will  attempt  to  overwhelm  the 
artillery  of  the  other. 

Great  watchfulness  will  now  be  required  from  the  infantry 
of  the  garrison,  who  will  occupy  the  shooting  lines  prepared  for 
them  and  also  the  forts,  and  who  will  push  out  scouts  in  order 
to  observe  the  enemy's  movements. 

396.  All  means  of  obtaining  information   must  now  be 
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resorted  to.  At  intervals  during  the  night  the  ground  in  front 
of  the  works  should  be  illuminated  by  the  electric.  ligLt,  in 
order  to  discover  working  parties  or  troops  advancing  to  the 
assault. 

If  discovered  thev  should  at  once  bo  fired  on,  and  the 
batteries  and  observmg  stations  must  therefore  be  ready  to 
act. 

397.  If  the  enemy  approaches  near  the  works,  the  forts  Hold  the 
must  be  strongly  held  and    vigorously  defended,  as  success  ^^'*■• 
depends  upon  them.     Such  of  the  adjacent  works  as  are  able  to 

do  so  will  assist  with  their  fire,  whether  of  artillery  or  rifles. 

If  the  siege  works  arrive  close  to  the  forts  they  may  be 
delayed  by  the  use  of  mine& 

398.  Sorties  should  occasionally  be  used,  even  if  only  small.  Sortiei. 
numbers  are  available  for  them.     They  force  the  besieger  to 

keep  on  the  alert  in  the  trenches,  and  thus  increase  the  hard- 
ships and  dangers  of  the  siege  for  his  troops* 


Section  5. — ^Materials  and  Construction. 

399.  Having  arrived  at  an  idea  of  the  general  aiTangeraents  Details 
of  a  fortress  and  of  the  mode  of  defending  it,  we  are  in  a  position  ^P7^^^' 
to  enter  upon  a  more  detailed  examination  of  the  various  works 
composing  it. 

It  is  first  advisable  to  notice  the  materials  employed  in  con- 
stniction.  Then  their  use  in  roofs  and  walls.  Then  some  of 
the  details  which  are  generally  used,  such  as  casemates, 
ma[»azines,  revetments,  emplacements  for  guns,  &c.  We  shall 
then  be  in  a  position  to  combine  these  details  into  forts  and 
batteries. 

Materials. 

400.  Any  material  considered  suitable  can  be  used  in  per-  Mftterials 
manent  fortification,  but  those  most  generally  employed  are  ^^' 
earth,  concrete,  brickwork,  and  iron  or  steel. 

401.  As  in  field  fortification,  earth  is  the  most  genei*ally  Earth, 
useful.    As  has  been  said  before  in  Chapter  I,  para.  29,  sand  is  Sand  the 
twice  as  good  as  clay  for  the  purpose  of  resisting  projectiles,  ^^* 
Generally  it  is  necessary  to   use  what  can  be  got  out  of  the 
excavations  for  the  work,  but  if  clay  only  can  be  obtained  the 

fact  should  be  kept  in  mind  while  designmg.  Sometimes  there 
is  an  opportunity  of  getting  better  stuff  from  the  neighbourhood, 
as,  for  instance,  from  a  sea  beach. 

402.  In  designing  a  work  it  is  necessary  to  calculate  and  Deblai  and 
balance  the  heaped-up  portion,  usually  called  filling  or  **  rem-  ^°^^^^ 
blai,"  against  the  excavated  portion,  or  "  deblai."    In  modem 

works  which  are  kept  low  for  the  purpose  of  concealment, 
there  is  often  an  excess  of  deblai,  which  must  be  disposed  of 
either  on  the  glacis  or  in  the  construction  of  other  works,  or 
nrast  be  removed  to  some  pliace  where  it  will  not  interfere  with 
the  defences. 
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It  has  to  be  remembered  that  an  increase  of  size  takes 
place  in  disturbed  'soil,  varying  from  -X  in  saud  to  ^  in  hard 
rock.  The  proper  allowance  to  be  madfe  must  be  ascert-dned 
before  calculating  the  deblai  and  remblai  for  any  particular 
work. 

The  calculations  to  find  the  volume  of  an  irregular  solid, 
such  as  a  parapet,  are  most  conveniently  made  by  breaking  it 
up  into  prisms  and  pyramids.     The  volume  of  a  prism  is  the 

Eroduct  of  the  area  of  the  base  multiplied  by  the  perpendicular 
eight     The  volume  of  a  pyi-amid  is  one-third  of  this. 

403.  Concrete  is  the  material  most  generally  employed  in 
the  construction  of  the  thick  walls  and  arches  used  in  fortifica- 
tion. It  is  composed  of  a  mixture  of  cement,  sand,  and  broken 
stone  or  gravel,  with  water,  usually  in  the  proportion  of  1  of 
Portland  cement  and  1  of  sand  to  6  of  stone.  More  or  less 
cement  is  used  according  to  the  situation  and  the  strength 
required-  It  sets  in  a  few  hours  after  mixing,  but  goes  on 
hardening  for  years.  It  should  not  be  subjected  to  great 
strains  before  three  or  four  months  have  passed  unless  made 
with  an  unusual  proportion  of  cement. 

In  building  it  is  filled  into  wooden  frames,  giving  it  the 
desired  form,  which  are  removed  when  it  is  set. 

Hard  stone  should  be  used  for  the  **  aggregate,"  as  the 
combined  stone  and  sand  is  termed,  especially  in  positions 
exposed  to  the  blows  of  projectiles,  as  it  will  increase  the 
difficulty  of  penetration. 

An  advantage  of  concrete  is,  that  it  forms  a  building  into  a 
monolithic  mass,  but  it  must  be  compact  in  form :  otherwise 
the  expansion  and  contraction  of  the  material  due  to  the  alter- 
nations of  heat  and  cold  will  crack  it  at  the  weak  points,  and 
this  advantage  be  lost. 

404.  Brickwork  is  not  usually  employed  in  large  masses  on 
account  of  its  cost,  but  it  is  useful  in  small  work,  and  is  best 
for  lining  casemates  and  magazines,  as  it  does  not  condense 
moisture  so  readily  as  concrete  oi;  stone.  The  thickness  of  a 
brick  wall  is  always  some  multiple  of  4^  inches,  i.€.,  9  inches, 
13^  inches,  and  so  on  ;  4^  inches  is  the  width  of  a  brick,  which 
is  0  inches  long  and  3  inches  high. 

405.  Stone  can  be  used  wherever  obtainable  locally,  either 
as  ashlar  (square  blocks)  or  as  rubble  (pieces  of  irregular 
shape).  It  is  often  best  to  break  it  up  and  utilize  it  for 
concrete. 

Some  of  the  softer  stones,  such  as  that  of  Malta,  are  not  so 
strong  as  brickwork,  and  cannot  stand  the  great  weight  of  the 
arches  used  in  fortification  unless  the  walls  are  thick.  This 
must  be  specially  kept  m  mind  when  considering  alterations, 
when  care  must  be  taken  not  to  cut  away  too  much  of  the 
supports. 

406.  Iron  and  steel,  besides  being  used  in  various 
fittings  and  for  armour,  are  employed  constructionally  chiefly 
in  roofs. 

They  may  be  used  either  in  the  form  of  rails  or  as  girders 
and  plates  of  various  forms. 
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Rails  are  usually  5  inches  to  6  inches  deep  and  2^  inches 
"wide. 


Double-headed        Bridge 
rail.  rail. 

Plates  for  roofings  are  of  various  thicknesses  up  to  ^  inch. 
For  special  positions  plates  up  to  1|  inches  may  be  used. 
After  this  thickness  they  become  armour  plates,  and  require 
special  manufacturing  appliances  for  making  them,  which  in- 
creases their  cost.  It  must  be  remembered  in  designing  that 
Elates  cannot  be  rolled  of  unlimited  length  and  breadtn,  but 
ave  certain  manufacturing  limits. 

407.  Steel  is  also  used  in  form  of  1"  and  angle  irons  for  Steel  fenciog. 
fencing.    Several  patterns  offence  are  used  in  the  service  which 

are  more  or  less  difficult  to  pass.  The  form  shown  on  Plate 
LXXX  would  be  difficult  to  get  over,  under,  or  through. 

These  fences  can  be  defended  by  direct  fire  as  there  is 
open  space  between  the  bars,  and  even  if  a  bullet  strikes  the 
thin  steel  of  the  uprights  it  will  perforate  it  easily. 

Steel  is  also  used  in  the  form  of  barbed  wire  for  fencing 
and  for  other  entanglements  as  used  in  the  field. 

408.  Armour  is  made  either  of  wrought  iron,  chilled  cast  Armour, 
iron,  or  steel :  or  is  "  compound,    that  is,  is  formed  of  a  pUte 

of  wrought  iron  and  one  of  steel  welded  together. 

Wrought  iron  is  tough  and  will  take  a  number  of  hits 
without  crackinff,  which  hard  steel  cannot  do.  If,  however, 
the  latter  is  held  together,  it  has  a  higher  resistance  than 
wrought  iron,  and  is  better  against  single  shots.  Compound 
armour,  with  the  steel  outside,  combines  the  qualities  of  both 
materials. 

Chilled  cast  iron  is  very  hard  and  must  be  smashed  in  order 
to  get  through  it.  If  made  thick,  the  broken  fragments  hold 
one  another  together  against  successive  blows. 


Roofs  and  Walls. 

409.  The  object  of  a  roof  in  fortification  is  to  keep  out  Boofs. 
projectiles  as  well  as  weather.     For  this  purpose  it  may  be 
made  of  different  thicknesses  and  materials  according  to  the 
len^h  of  time  it  is  to  hold  out,  the  importance  of  what  it  covers 

and  the  projectiles  it  is  expected  to  resist. 

410.  Taking  the  worst  case  first,  and  assuming  that  the  ^oo^*  entirely 
roof  covers  a  large  powder  magazine,  and  that  it  is  to  be  im-  "^^^  P*^^* 
penetrable  to  "  obus-torpilles,"  fired  from  large  mortars,  then, 
according  to  General  Bnalmout,  a  concrete  arch  18  feet  span 

should  be  2^  metres,  or  about  8  feet  thick  at  the  thinnest  part, 
which  is  at  the  top  or  **  crown." 
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Boofii  partly 
shell  proof. 


A  form  of  roof  which  has  been  tried  with  success  (see  Plato 
LXXXIII),  against  the  8-inch  R.M.L.  howitzer,  has  above  the 
arch  a  layer  of  earth  with  concrete  above  this  again,  the  arch 
and  each  layer  being  about  3  feet  thick ;  a  "  sandwich  "  roof, 
as  it  is  termed  for  shortness.  The  whole  may  be  covered  with 
two  feet  of  earth.  In  this  case  the  upper  layer  of  concrete 
bursts  the  shell,  while  the  layer  of  earth  prevents  any  injurious 
shock  being  transmitted  to  the  arch  beneath.  The  aiTange- 
is  a  good  one,  but  the  thicknesses  would  have  to  be  increased 
if  it  were  desired  to  keep  out  "  obus-torpilles  "  even  of  a  less 
calibre  than  8  inches. 

Another  method  is  to  have  a  roof  of  steel  rails  with  4  or  5 
feet  of  concrete  upon  them, 

411.  When  the  conditions  are  not  so  severe,  as  will  often 
be  the  case,  less  thicknesses  will  suffice. 

A  concrete  arch  should  not  be  less  than  3  feet  thick  unless 
it  is  to  be  considered  merely  splinter  proof.  This  thickness  is 
enough  to  resist  a  shell  charged  with  gunpowder.  The  upper 
layer  of  concrete  of  the  "  sandwich  "  roof  might  be  imitated  by 
a  layer  of  large  stones  or  fragments  of  rock. 

A  roof  of  iron  rails  with  2  feet  of  concrete  and  7  feet  of 
earth  has  resisted  an  8-inch  howitzer  shell  filled  with  gun- 
cotton,  but  is  not  a  desirable  form  of  construction.  More 
concrete  and  less  earth  would  have  been  much  better.  The 
earth  is  of  little  use  in  resisting  penetration.  About  2  feet  of 
it  is  enough  to  prevent  splinters  flying. 

412.  It  adds  very  much  to  the  resisting  power  of  an  arch 
Biderationa  on  ^q  Hjxq  it  with  iron,  either  in  the  form  of  rails  or  of  plates  and 

^'  girders.     This  localises  any  injury  from  a  bursting  shell,  and 

does  not  permit  the  concrete  to  break  away  in  large  pieces. 
It  is  necessary,  however,  that  the  iron  should  have  a  certain 
amount  of  massiveness. 

Thin  plating,  though  strong  enough  against  statical  pres- 
sure, is  useless  against  the  sudden  shock  of  an  explosion. 
Plates  ^  inch  thick,  carried  on  girders  2  feet  deep,  have  been 
used  in  our  works.     These  are  probably  heavy  enough. 

Rails  are  also  good,  being  soUd  in  their  form,  and  because, 
although  they  help  one  another,  yet,  if  one  goes,  it  does  not 
necessarily  carry  the  next  one  with  it. 

.  Concrete  arches  only  have  been  here  mentioned,  but  brick 
or  stone  arches  covered  with  concrete  may  be  employed  if 
convenient.  They  are  not,  however,  so  well  adapted  to  forti- 
fication purposes  as  concrete  alone,  as  they  are  not  so  homo- 
geneous. A  thin  brick  lining  to  a  concrete  arch  is  often 
desirable  because  it  does  not  condense  moisture  to  such  an 
extent  as  a  concrete  surface  does,  but  this  reason  is  entirely 
imconnected  with  the  question  of  strength. 

An  iron  plate,  2  inches  thick,  will  resist  an  8-inch  howitzer 
shell  at  any  angle  of  descent,  and  may  be  used  by  itself  in  places 
where  it  is  important  to  have  good  cover,  and  height  for  a  con- 
crete roof  is  not  available.  A  7-inch  plate  will  keep  out  any- 
thing now  in  use.  It  would  be  advisable  not  to  have  a  wider 
unsupported  span  than  6  feet  or  thereabouts. 
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Walls. 

413.  Walls  in  fortification  are  mainly  used  either  as  sup-  Walls. 
ports  to  roofs ;  as  revetment  walls  to  hold  np  masses  of  eartn ; 

or  as  detached  walls  forming  an  obstacle  and  a  prelection 
against  bullets. 

As  supports  they  must  be  thick  to  withstand  the  pressure 
of  the  masses  of  concrete  and  earth  that  they  have  to  carry. 
Three  feet  is  about  the  minimum  thickness  which  should  be 
used  for  casemate  wails,  and  more  with  softer  kinds  of  stone. 
Four  feet  thick  is  the  more  usual  dimension.  They  may  be  built 
of  brick,  stone,  or  concrete.  If  of  the  latter  it  is  often  desirable 
to  build  two  facing  walls  of  brick  with  the  concrete  filled  in 
between.  Otherwise  wooden  slieetiug  is  used  to  support  the 
material  until  it  sets. 

414.  Revetment  walls  in  fortification  have  two  functions  to  ReTetmente. 
fulfil ;  they  act  as  retaining  walls  to  hold  up  tlie  earth,  and 

they  may  have  also  to  resist  the  effect  of  projectiles.  The 
latter  effect  will  be  different  according  to  the  position  of  the 
wall.  The  projectiles  may  strike  in  front,  either  directly  or 
sideways,  or  may  penetrate  the  earth  and  reach  the  back. 
The  projectiles  may  be  shells  or  ''  obus-torpilles.'^  In  the  latter 
case  they  may  even  affect  the  foundations,  if  they  burst  at  the 
base  of  the  wall. 

Revetment  walls  not  exposed  to  any  serious  fire  may  be  Against 
built  according  to  Su*  Ch.  Pasley's  rules.     These  are, — that  they  shells, 
should  be  countersloping  (that  is,  with  a  sloping  back),  with 
an  average  slope  of  five  in  one,  and  shoulcl  have,  according  to 
their  situation,  the  following  mean  thickness :  — 

Counterscarp  revetments  :  one-fourth  their  height. 
Demi-revetments  without  berms :  three-tenths  their  height. 
Full  revetments  or  demi-revetments  with  borms  equal  to 
one-fourth  then*  height :  seveiiteeii-sixtietj is  their  height. 

They  should  be  provided  with  counterforts  or  projections  at 
the  back.  These  should  be  rectangular  and  with  a  counter- 
slope  of  five  in  one.  Length,  one-fitth  the  height  of  the  wall. 
Thickness,  2  feet  6  inches  for  a  wall  10  feet  high  and  increased 
1-^  inches  for  every  additional  foot  in  height.  Distance  from 
centre  to  centre  four  times  their  thickness. 

These  dimensions  were  sufficient  against  the  old  S.B.  pro- 
jectiles. Against  chance  blows  of  gunpowder  shell  it  was 
desirable  that  the  wall  should  nowhere  be  less  than  3  feet 
6  inclies  thick.  This  will  often  be  still  enough  for  our  pur- 
poses, as  we  may  only  have  the  smaller  projectiles  to  deal 
with. 

Against  obus-torpiUes  we  have  no  English  experience  to  Against  Obus- 
guide  us.     According  to  General  Brialmont*  an  escarp  wall,  to  ^'orpiUcs. 
be  secure,  should  be  20  feet  thick,  with  foundations  8  feet 
deep,  and  its  top  should  be  in  a  plane  passing  through  the 

*  Brialmont.    "Inflaenoe  da  Tir  Flougeant,"  pp.  360,  864. 
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crest  of  the  glacis  at  a  slope  of  2  in  5  to  preserve  it  from 
direct  blows. 

Fig.  7,  in  PI.  LXXXI,  shows  a  section  which  he  also  recom- 
mend for  a  counterscarp. 

Those  parts  of  a  counterscarp  wall  which  cannot  be  struck 
in  front  because  they  are  turned  away  from  the  enemy,  need 
not,  even  in  the  most  extreme  case,  be  so  thick  as  an  escarp. 
Generally,  however,  the  best  form  of  counterscarp  revetment 
is  a  "  counter-arched  "  one,  that  is,  one  formed  by  a  row  of 
arches  which  may  have  the  earth  underneath  them  lying  at  its 
natural  slope.  These  arches  should  be  given  the  same  strength 
as  the  casemate  arches  of  the  fort  in  which  they  occur. 

Detached  walls  practically  cannot  bo  made  sufficiently 
strong  to  resist  projectiles,  and  would  have  to  be  very  soUd 
to  withstand  the  explosion  of  shells  near  them.  It  is  best  to 
be  guided  by  structural  considerations,  making  them  2  or  3 
feet  thick,  according  to  their  height,  and  never  using  them  in 
situations  of  any  importance. 

The  breast-walls,  which  are  sometimes  used  for  infantry, 
should  be  as  thin  as  possible,  so  as  to  be  easily  repairable : 
nine  inches  used  to  be  enough,  but  in  the  presence  of  the 
new  rifle  they  had  better  be  a  brick  and  a  half  thick,  f.^., 
1  foot  1^  inches. 


Dwelling 
casemates. 


War 

casemates. 


Section  6.— Buildings. 

415.  Having  considered  the  materials  and  construction  of 
walls  and  roofs,  we  are  now  in  a  position  to  combine  them  into 
buildings. 

Dwelling  Casemates. 

416.  Casemates  for  troops  may  be  built  for  occupation  in 
peace  or  for  war  time  only.  In  the  former  case,  those  for  men 
should  be  from  20  to  22  feet  wide,  and  12  feet  high  in  the 
centre ;  35  feet  is  a  good  length  to  accommodate  12  men. 
There  should  be  some  smaller  casemates,  about  14  feet  wide, 
to  accommodate  officers,  and  for  other  purposes.  Casemates 
of  this  nature  must  be  airy  and  well  ventDated.  These  require- 
ments, and  their  large  size,  render  them  difficult  to  protect, 
and  it  is  therefore  generally  advisable  to  build  the  casemates 
in  forts  and  batteries  for  war  use  only.  For  this  purpose  they 
should  be  kept  shallow,  so  as  to  be  difficult  to  hit,  and  they 
need  not  be  provided  with  all  the  fittings  necessary  for 
pennanent  occupation.  The  men  would  rather  bivouac  in 
them  than  occupy  them  in  the  usual  sense  of  the  word. 

In  designiDg  these  war  casemates  it  should  be  borne  in 
mind  that  it  is  very  desirable  to  keep  the  officers  separate  from 
the  men ;  also  that  there  must  be  places  set  apart  for  stores, 
and  for  cooking;  and  in  war  time  for  a  hospital;  that  is  to 
say,  some  sheltered  spot  where  the  wounded  can  have  their 
first  treatment,  out  of  sight  of  their  comrades.    These  con- 
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fiiderations  point  to  the  construction  of  war  casemates  in  the 
form  of  a  row  of  chambers  from  8  to  12  feet  wide,  and  about 
8  feet' high.  Another  reason  for  building  separate  chambers, 
and  not  a  continuous  roof  supported  in  front  on  pillars,  is,  that 
if  a  projectile  were  to  penetrate  the  damage  would  be  localised. 
It  may  be  said  that  this  danger  may  be  met  by  making  the 
roof  and  front  wall  absolutely  shell  proof.  But  independent  of 
the  question  whether  this  can  be  ensured,  even  now,  against 
all  chances,  and  still  less  against  possible  future  improvements 
in  weapons,  there  remains  the  fact  that,  as  we  have  seen,  it  is 
not  considered  necessary  to  provide  in  British  fortresses  against 
a  regular  siege.  Consequently,  it  would  be  a  needless  expense 
to  provide  protection  to  all  casemates  against  a  succession  of 
obus-torpilles  falling  about  the  same  spot.  It  may  be  con- 
sidered sufficient  to  keep  out  a  projectile  of  the  power  of  the 
8-inch  rifled  howitzer  shell  charged  with  high  explosive. 
An  Tinlucky  chance  may  bring  several  of  these  on  to  one  spot, 
when  penetration  would  probably  follow.  This  result  may  be 
attained  by  a  layer  of  rails  and  3  feet  of  concrete  for  the  roof. 
Probably  5  feet  of  concrete  alone  would  do  as  well. 

Another  danger  to  be  guarded  against  in  casemates,  and,  Back-flying 
indeed,  in  all  parts  of  works  of  defence,  is  that  from  the  back-  Bplia*«w« 
flying  splinters  of  shells  charged  with  high  explosive.  These 
shells  burst  with  such  violence  that  the  fragments  fly  in  all 
directions  at  a  high  velocity,  even  back  on  the  line  of  fire. 
They  can  thus  take  defences  in  reverse.  Fortunately,  looking 
at  the  matter  from  a  defensive  point  of  view,  the  fragments 
are  small,  and  thus  soon  lose  their  velocity,  and  do  not  go  far. 
the  bUndages  or  screens  necessary  to  stop  them,  therefore, 
need  not  be  thick.  An  ordinary  brick  wall,  stout  planking,  or 
thin  iron  plate  will  do,  imless  the  shell  burst  very  close  up  to 
it,  which,  fi-om  its  position,  is  an  unlikely  thing  to  happen. 
Some  of  the  casemates  should  be  permanently  protected  in 
this  manner,  and  all  should  be  capable  of  having  it  applied 
to  them. 

The  front  wall  of  casemates,  that  is,  the  buried  one  nearest  Front  wall  of 
the  enemy,  should  be  of  equal  resisting  power  to  the  roof  «wen»<»« 
imless  very  deeply  sunk,  that  is  to  say,  more  than  20  feet 
in  earth. 

If  the  casemate  be  buried  in  rock  its  front  wall  may  be 
considered  safe. 

In  these  cases  it  is  assumed  that  there  is  so  much  stuff  in 
front  of  the  casemates  that  the  front  wall  cannot  be  struck  by 
direct  fire,  but  only  reached  bv  shell  penetrating  from  above. 

Cases  may  occur  in  which  it  would  be  impracticable  to  give 
a  roof  the  thiokness  of  concrete  necessary  to  make  it  secure. 
This  would  be  so,  for  example,  with  a  casemate  built  behind 
the  parapet  of  a  work  to  shelter  a  guard,  which,  unless  kept 
low,  would  be  conspicuous.  It  must  then  be  formed  of  armour 
plate  laid  horizontally.  As  stated  in  para.  392,  a  plate  2  inches 
thick  will  be  sufficient  against  everything  likely  to  be  met 
with. 
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Tanks. 


Ta7}ks. 

417.  In  connection  with  dweUing  casemates,  water  supply 
and  sanitary  arrangements  are  of  the  highest  importance. 

Every  permanent  work  of  defence  should  contain  a  well, 
or  else  tanks  of  such  a  capacity  that  they  can  be  counted  on 
never  to  run  dr^.  Ten  gallons  per  head  per  day  is  the  allow- 
ance for  peace  time,  which  may  Be  decreased  to  three  gallons 
if  it  be  necessary  to  economise. 

The  catchwater  area  must  be  large  enough  to  supply  the 
tanks  when  there  is  the  ordinary  ramfall,  and  it '  must  be 
thoroughly  clean. 

The  tanks  should  be  bombproof,  or  shells  may  drop  into 
them  and  burst,  and  thus  destroy  the  rendering  of  the  sides, 
and  let  off  the  water.    • 


Latrines. 


DefinitioDB. 


Expense 
stores. 


Latrines, 

418.  Latrines  are  difficult  to  arrange  in  a  fort.  The  sani- 
tary requirements  for  peace  time  are  too  great  to  be  sacrificed 
to  considerations  of  security  in  war  against  projectiles.  The 
best  place  for  them  is  in  a  narrow  bombproof  placed  against 
the  reverse  side  of  a  rampart  or  traverse,  so  that  they  may  be 
sheltered  from  direct  fire,  and  at  the  same  time  can  be  freely 
ventilated  to  the  open  air.  Sometimes  it  may  be  necessary  to 
separate  those  for  peace  from  those  for  war,  some  sacrifice 
being  made  in  the  latter  for  the  sake  of  secmity. 

In  the  case  of  batteries  and  of  posts  that  are  not  liable  to 
be  isolated,  the  latrines  may  be  at  a  little  distance  from  the 
work. 

Magazines, 

419.  The  word  magazine,  in  a  general  sense,  includes  all 
buildings  in  which  explosives  are  stored,  but  in  practice  these 
are  divided  into  main  magazines;  main  cartridge  and  shell 
stores;  and  expense  cartridge  and  shell  stores. 

Shell  and  cartridge  stores  together  are  spoken  of  as  anmiu- 
nition  stores.  A  magazine,  in  a  more  limited  sense,  is  a  store 
fitted  to  contain  gunpowder  in  bulk, — ^that  is,  not  made  np  into 
cartridges.  It  differs  in  construction  from  a  cartridge  store  in 
having  its  walls  and  floors  lined  with  wood. 

Expense  stores  are  those  from  which  ammunition  is  drawn 
for  the  immediate  supply  of  the  guns.  Each  store  should  be 
for  the  use  of  a  small  number  of  guns  only — four  at  the  outside; 
and  is  usually  calculated  to  hold  24  hours'  supply  for  them, 
being  refilled  from  the  main  magazine  at  night.  In  addition 
to  the  cartridge  stores,  recesses  are  used  near  the  guns  to  hold 
small  quantities  of  ammunition  in  readiness  for  use. 

There  are  three  things  to  consider  in  the  arrangements  of  a 
magazine:  namely,  the  magazine  chamber  itself,  where  the 
gunpowder  is  stored;  the  entrance  with  the  shifting  accommo- 
dation ;  and  the  aiTangemonts  for  lighting. 
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420.  The  dimensions  of  the  magazine  chamber  depend  on  Magaiine 
the  form  and  size  of  the  metal-hned  cases  in  which  the  cartridges  chamber, 
are  packed.     These  are  rectangulai-  boxes,  17''  x  17''  x  21i". 

They  are  stored  lying  on  their  sides,  and  can  be  piled 
one  on  top  of  the  other.  The  bottom  row  is  usually  Kept 
off  the  ground  by  resting  on  "  skidding,"  which  consists  of  two 
pieces  of  wood  4  inches  wide  and  3  inches  deep  placed  13 
mches  apart.  See  PL  LXXXII*  The  same  dimension  of  skid- 
ding also  suits  powder  barrels.  In  long  magazines,  or  where 
different  natures  of  cartridges  are  stored,  it  is  convenient  to 
separate  the  skidding  into  bays  by  uprights.  An  upper  tier  of 
skidding  is  used  in  lofty  magazines. 

Convenient  widths  for  cartridge  stores  are  8  feet,  11  feet 
and  13  feet.  Eight  feet  allows  of  two  rows  of  skidding,  with  a 
passage  3  feet -3  inches  wide  between  ;  11  feet,  of  three  rows, 
and  a  4-foot  passage  ;  13  feet,  of  four  rows,  and  a  3-foot  0-inch 
passage;  in  all  cases  with  6  inches  between  the  ends  of  the 
barrels.  A  main  magazine  may  be  20  feet  wide  and  16  feet 
high  to  the  crown  of  the  arch. 

The  length  depends  on  the  amounts  to  be  stored,  and  on 
local  considerations  of  site.  The  room  required  may  be  calcu- 
lated, it  being  known  that  a  powder  barrel  and  a  case  both 
hold  100  lbs.  of  powder.  The  number  of  cartridges  contained 
in  a  case  is,  of  course,  variable,  depending  on  the  size  of  the 
charges ;  but,  for  striking  an  average,  it  may  be  taken  at  ten 
rounds  for  a  64-pr.  R.M.L. 

In  construction,  the  floor  of  a  magazine  should  be  made  of 
concrete.  The  walls  may  be  concrete,  brick,  or  masonry ;  but 
it  is  desirable  that  they  should  be  lined  with  brick  to  reduce 
condensation  of  moisture.  The  roof  should  be  of  concrete,  also 
prefc  rably  Uned  with  brick.  As  to  the  thicknesses  and  strength 
required,  they  should  be  sufficient  to  keep  out  all  projectiles 
(as  given  in  para.  410).  The  explosion  of  a  magazme  is  too 
great  a  disaster  to  risk. 

421.  The  ventilation  of  magazines  is  important.     In  small  Ventilation, 
cartridge  stores  it  may  be  provided  for  by  means  of  one  or 

more  9-inch  pipes,  rising  from  the  arch.  These  should  be  bent 
so  as  not  to  afford  an  easy  entrance  to  projectiles.  In  store 
magazines  larger  openings  are  required.  Openings  to  the  outer 
air  are  also  required  near  the  Soor  level.  Often  the  door  is 
sufficient  for  this,  if  it  can  be  left  unclosed  without  danger.  All 
ventilating  openings  should  be  capable  of  being  closed  in  damp 
weather. 

422.  The  entrance  to  a  magazine  should  be  safe  from  the  Shifting 
enemy's  projectiles,  and  convenient  for  receiving  and  supplying  lobby, 
ammunition.     It  must  also  contain  accommodation  for  shifting 
clothing.     No  one  is  allowed  in  a  magazine  except  in  magazine 
dippers,  and  the  regular,  magazine  men,  in  addition,  put  on  a 
special  suit  of  clothes  to  work  in. 

A  magazine  entrance  is  usually  an  arched  passage,  across 
which  is  a  barrier,  namely,  a  hinged  bar  of  wood  with  a  low 
panel  below  it  to  keep  out  grit.  The  men  take  off  their 
ordinary  boote  and  clottes  on  one  side  of  the  barrier,  and  pass 
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it  before  putting  on  the  magazine  things.  Four  feet  is  a  con- 
venient width  for  the  passage.  It  should  be  provided  with 
seat55  and  clothes-pegs.     See  rl.  LXXXIII. 

All  the  space  inside  the   barrier   is  said  to   be    "under 
magazine  conditions."    The  whole  of  a  store  magazine  estab- 
lishment is  put  imder  magazine  conditions,  and  so  are  labora- 
tories and  otner  places  where  gunpowder  is  manipulated. 
Ligliting.  423.  Lamps  are  not  allowed  to  be  carried  into  a  space 

which  is  under  magazine  conditions.  Consequently,  magazine 
chambers  and  shifting  lobbies  are  lighted  from  an  external 
passage,  having  glazed  openings  in  the  walls,  into  which  lamps 
are  placed.  These  openings,  called  lamp  recesses,  are  usually 
1  foot  9  inches  high,  and  1  foot  3  inches  wide,  and  about  5  feet 
above  the  magazine  floor.  A  lamp  passage  should  never  open 
into  a  space  which  is  under  magazine  conditions. 


Shell  storeys 


Shell  Stores, 

424.  Shell  stores  need  not  be  under  magazine  conditions, 
and  consequently  do  not  require  either  shifting  lobbies  or 
lighting  passages.  It  is  less  necessary  than  it  is  in  the  case  of 
cartridge  stores  to  secure  them  against  all  projectiles,  but  they 
should  be  piotected  against  direct  fire.  With  shrapnel  shell 
the  only  roofing  that  is  essential  is  one  to  keep  oflF  rain. 

The  smaller  shell,  6-inch  and  under,  are  piled  lying  on  their 
sides;  the  larger  ones  are  stored  on  end.  Shell  have  to  be 
grouped  in  a  store  by  calibres  and  by  natures.  It  will  not  be 
sufficient  therefore  to  make  stores  exactly  to  the  size  requiied 
to  hold  the  number  to  be  accommodated ;  but  space  must  bo 
left  for  arranging,  moving  and  manipulating  them. 


Beceflses. 


Ammunition  Reresses. 

425.  Recesses  for  ammunition  near  the  guns  are  very 
useful.  A  convenient  size  is  8  feet  wide,  2  feet  6  inches  deep, 
and  3  feet  9  inches  high.  Tliis  vn\l  contain  23  64^r.  shell, 
together  with  a  shelf,  10  inches  deep,  for  tubes  and  fuzes ;  or  it 
will  contain  four  metal-lined  cases,  containing  cartridges. 
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S.A.  and  Q,F,  Ammunition  Storage, 

426.  Ammunition  for  small  arms  and  quick-firing  guns,  which 
contains  its  own  means  of  ignition,  must  not  be  stored  in  the 
same  chamber  with  gunpowder.  This  ammunition  is  always 
stored  in  boxes,  the  exact  dimensions  of  which  need  not  be 
given  here.     It  is  sufficient  to  note  as  follows : — 

The  authorised  proportion  of  ammunition  for  a  -45  rifle- 
calibre  machine  gun  is  10,000  roimds,  which  is  stored  in  small- 
arm  ammunition  boxes,  requiring  altogether  13  cubic  feet  of 

space. 

The  proportion  for  a  3-pr.  Q.F.  gun  is  800  rounds,  requiring 
125  cubic  feet. 
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The  proportion  for- a  6-pr.  Q.F.  gun  is  800  rounds,  requiring 
146  cubic  feet. 

In  designing  stores,  passage  room  must  be  allowed  for  in 
addition. 

According  to  present  regulations  (1891)  this  nature  of 
ammunition  need  not  be  under  magazine  conditions. 

It  is,  however,  as  necessary  to  keep  the  enemy's  projectiles 
out  of  a  quick-firing  amnranition  store  as  out  of  any  other  car- 
tridge store. 

Ijift%  and  Davits. 

427.  Ammunition  is  raised  from  one  level  to  another  in  a  Lifts  and 
work  by  means  of  Ufts  or  davits.     The  davits  used  are  small  davi<»« 
cranes,  with  an  overhang  of  3  feet,  and  can  be  fixed  on  to  a 

wall.  They  are  used  in  the  open,  but  a  lift  is  employed  when 
it  is  wished  to  pass  the  ammunition  vertically  through  a  roof. 
For  land  defences  it  is  simply  a  circular  hole,  2  feet  3  inches  in 
diameter,  to  accommodate  cases,  but  it  may  be  18  inches  in 
diameter  when  required  for  shell  only.  A  Urt  is  provided  with 
a  ring  bolt  at  top,  to  which  tackle  is  hooked,  and  with  a  leading 
block  at  bottom. 

A  certain  amount  of  danger  is  incurred  by  the  use  of  a  lift, 
and  it  should  never  lead  directly  into  a  magazine  chamber,  but 
into  a  serving  room  or  passage.  Between  a  lift  and  a  magazine 
chamber  should  interpose  a  "  mantlet  door,"  which  is  made  of 
"  paunch  matting,''  i.e.,  woven  rope,  worked  on  to  an  iron  frame- 
work. This  should  be  hung  so  as  to  be  slammed  to  by  any 
explosion  in  the  lift.  It  is  able  to  withstand  this  and  to  keep 
the  heated  gases  out  of  the  magazine.    See  PI.  LXXXII. 

Passsages  and  Communications. 

428.  Passages  and  galleries  form  very  impoi-tant  parts  of  a  Passages  and 
fort,  and  it  is  f  ery  necessary  to  have  them  secure  and  large  gaUeriea. 
enough  for  the  offices  they  have  to  fulfil,  at  the  same  time  not 
allowing  them  to  cost  more  than  it  is  necessary. 

Galleries   of  communication  are   of  varying  width,  from  Galleries  of 

3  feet  to  20  feet ;  the  dimensions  adopted  must  depend  on  the  ^^^""^^ 
use  which  is  to  be  made  of  the  gallery. 

A  3-foot  passage  may  be  used  where  the  traffic  is  small, 
when  leading  to  a  secure  place,  and  where  it  is  not  required  to 
move  stores ;  as,  for  instance,  to  a  magazine,  where  the  ammu- 
nition is  introduced  and  removed  by  a  hft,  and  the  passage  is 
only  required  for  the  magazine  men. 

t'he  communication  to  a  caponier,  or  from  one  exposed 
portion  of  a  work  to  another,  should  be  at  least  4  feet  wide, 
and  always  when  possible  5  feet  wide,  on  account  of  the 
difficulty  of  moving  wounded  men  in  a  narrower  space,  as 

4  feet  is  about  the  least  width  in  which  two  men  could  assist^ 
a  wounded  comrade,  one  on  each  side. 

The  turns  should  not  be  too  sharp  to  admit  of  a  stretcher 
being  carried  round  them. 
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Ill  the  case  of  the  communication  to  a  caponier  or  flanking 
gallery  which  is  to  be  armed  with  gims,  5  feet  is  width  enough 
to  admit  of  the  guns  being  taken  down  it,  and  also  their 
can-iages  and  platforms. 

In  constructing  galleries  it  is  often  desirable  to  allow  for 
their  being  used  as' places  for  stores,  or  even  for  men  in  war 
time ;  the  passages  could  be  bombproof,  and  would  then  form 
a  secure  shelter  from  projectiles,  of  which  there  is  never  likt^ly 
to  bo  too  much  in  a  work. 

Seven  feet  of  width  would  give  room  enough  for  a  row  of 
men  to  sleep  without  interrupting  the  communication,  and  witli 
10  feet  they  might  he  side  by  side. 

Galleries  or  arched  passages,  down  which  guns  or  any 
vehicles  have  to  be  moved,  had  better  bo  10  feet  wide,  or 
12  feet  if  they  arc  very  long;  8  feet  6  inches  is  just  wide 
enough  to  admit  all  mihtary"  vehicles,  but  demands  nice  driving. 
More  than  10  feet  is  seldom  required. 

Archways  over  roads  should  not  be  less  than  10  feet  high. 
Bamps.  429.  Wherever  it  is   possible,  ramps  should  be    used   in 

galleries  and  not  steps,  for  facihty  in  moving  stores.  Slopes 
of  fi-om  y  to  y^  will  do.  If  it  be  necessary  to  use  some  steps 
in  a  communication,  part  of  which  is  formed  ux  a  ramp,  the 
steps  should  be  placed  at  the  upper  end  so  as  to  be  in  the 
daylight. 

Ramps  should  always  be  made  as  flat  as  possible,  and  the 
longer  they  are  the  flatter  they  should  be.  The  steepest  ramp 
used  in  a  work  is  that  leading  up  to  the  banquette,  which  is 
often  at  a  slope  of  1  in  2,  but  if  tliis  be  longer  than  7  feet  it  is 
desirable  to  make  it  easier,  or  to  introduce  a  secondaiy  level : 
that  is,  a  sort  of  additional  banquette  about  7  feet  below  the 
crest. 

The  ramps  leading  to  the  rampart,  up  which  guns  have  to 

be  taken,  should  be  1  in  10,  or  1  m  12  if  possible;  for  short 

distances  they  may  be  1  in  7. 

Arrangement  430.  The  communications  of  a  fort  are,  perhaps,  the  most 

^jff?^^"^'^^      diflficult   things    about    it    to    aiTange   satisfactonly,   and,   ai 

'*"  """  the  same  time,  on  them  depends  more  than  anything  else  the 

convenience  and  security  of  the  work.  In  the  descriptions  of 
tlie  old  systems  of  fortification,  all  the  passages  and  flights  of 
steps  by  which  the  outworks  were  reached  are  cai-efuUy 
enumerated,  showing  of  what  importance  they  were  con- 
sidered. 

It  should  be  possible  to  circulate  all  round  a  fort  in  security, 
-and  to  arrive  safely  near  any  particular  point  in  the  parapet* 
For  this  purpose  at  least  one  covered  passage  from  the  rear  to 
■.  the  front  is  usually  necessary. 

Some  of  the  stairs  up  to  the  terreplein  might  issue  under 
•  cover  of  bombproofs ;  there  would  be  others  in  the  open  ah-  for 
additional  convenience. 

The  ramps  for  guns  leading  up  to  the  terreplein  can  seldom 
be  protected  otherwise  than  by  traverses ;  but  it  is  not  often 
necessary  to  move  the  guns  by  them. 

The  most  difficult  part  of  an  arched  communication  to  design 
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18  a  secure  exit  ou  the  side  next  the  enemy.  It  should  not  be 
possible  for  liim  to  enfilade  it. 

Care  should  be  taken  that  an  arched  communication  be  not 
so  placed  as  to  lead  the  effect  of  any  explosion  that  may  occur 
in  it  towards  a  magazine. 

The  amount  of  security  to  b^ given  to  a  gallery  of  commu- 
nication depends  on  its  importance.  If  near  a  magazine  it  must 
have  the  same  protection  as  the  latter.  Otherwise  it  might 
have  the  same  as  the  dwelling  casemates  of  the  work.  The 
narrow  span  of  a  gallery  is  of  assistance  in  enabling  the  roof  to 
resist  the  explosion  of  a  shell. 

Drawbridges, 

431.  If  a  road  has  to  cross  the  revetted  ditch  "of  a  work  it 
may  be  advisable  to  use  a  drawbridge,  so  as  to  be  able  to  sever 
the  connnunication  easily.  There  are  a  great  many  forms  of 
these  on  different  principles,  but  among  the  best  are  the  lifting 
bridge  with  chain  counterpoise,  and  Guthrie's  rolling  bridge. 

The  lifting  bridge  is  hinged  at  the  inner  end,  and  the  outer  Lifting 
«nd  is  hauled  up  by  chains.  {See  PI.  LXXXIV.)  The  weights  ^^^6''' 
and  proportionate  dimensions  can  be  so  airanged  that,  if  heavy 
-chains  be  hung  to  the  inner  ends  of  the  lifting  chains  and 
looped  up  at  their  lower  ends,  their  weight  will  balance  the 
,  briagc  in  all  positions.  This  bridge  may  be  from  10  to  12  feet 
long,  and  it  will  cover  the  gateway  when  up.  It  necessarily 
requires  the  road  to  pass  through  a  wall,  as  the  lifting  chains 
kaive  to  pass  over  pulleys  at  a  height  above  the  roadway  equal 
to  the  length  of  the  bridge. 

The  Cruthi-ie  rolling  bridge  is  balanced  by  cast-iron  strufe,  Ghuthrio 
linked  ou  underneath  it  in  such  a  manner  that  it  can  be  rolled  ^^^ 
back  while  still  rete^ning  a  horizontal  position.     It  does  not 
require  any  walling  above  the  level  of  the  roadway,  but  vertical 
guides  below  are  necessary  for  the  ends  of  the  struts.     It  is 
usually  made  of  14-feet  span. 

A  drawbridge  should  never  be  used  inside  a  work  unless 
placed  under  a  shell-proof  arch,  as  a  slight  injury  to  it  might 
interrupt  the  interior  communications. 

432.  Usually  the  best  way  of  arranging  the  entrance  into  Sntranoe  by 
a  fort  is  to  form  ramps  into  and  out  of  the  ditch,  and  to  close  a»™P- 
the  road  with  two  gates ;  one,  bullet-proof  and  loopholed ;  the 
other  a  few  feet  in  front  of  it,  of  steel  bars,  through  which  the 
defenders  can  fire. 

The  bullet-proof  gate  should  be  of  ^-inch  steel,  hung  in  (HUs. 
iwo  leaves  if  the  road  be  more  than  6  feet  wide,  and  protected 
trom  ai-tillery  fire  by  being  under  an  archway.  The  outer  gate 
may  be  made  of  1-inch  bars.  In  the  face  of  tlie  fire  from 
the  inner  loopholed  gate  it  should  be  impossible  for  the 
-enemj  to  pass  the  outer  one. 

The  locks  of  all  communication  gates  should  be  governed 
by  a  p:ingle  form  of  master  key,  so  that  the  defenders  may  have 
no  hindrance  in  moving  about  their  works. 
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Ditches. 


Wet  ditches. 


Book-cut 
ditches. 


Dry  revetted 
ditches. 

Escarp. 


Ditches. 

433.  The  ditches  of  Avorks  are  of  great  importance,  a» 
usually  they  either  form  themselves  or  contain  the  main  obstacle. 
They  may  be  divided  into  foip:  classes,  namely,  wet  ditches,  dry 
rock-cut  ditches,  diy  revetted  ditches,  and  dry  unrevetted 
ditches. 

434.  Wet  ditches  need  not  detain  us  long,  as  it  happens 
that  there  are  hardly  any  forliJfied  sites  in  the  British  Empire 
which  are  suited  for  their  use.  As  the  water  forms  the  obstacle 
they  should  be  as  broad  as  possible,  but  need  not  be  very  deep. 
The  usual  depth  is  from  6  to  10  feet  below  the  surface  of  the 
water,  and  they  may  be  50  yards  wide.  At  Antwerp  they  are 
nearly  100  yards  wide,  but  tliis  is  unusual.  The  sides  are 
generally  made  sloping  at  I  in  2. 

435.  Rock-cut  ditches  are  placed  in  a  separate  class  because 
they  not  infrequently  occur  in  practice,  and,  if  the  rock  is  sound, 
they  afiord  a  means  of  providing  a  ban-ier  against  assault,, 
which  it  would  be  difficult,  if  not  impossible,  to  breach  or  mine. 
Soundness  in  the  rock  is  essential.  It  may  often  promise  well 
at  first,  but,  when  dug  into,  proves  to  be  fissured  so  that  it  breaks 
away  in  pieces,  or  to  contam  clay  bands  so  that  it  slips.  To  be 
of  use  in  this  manner  it  must  stand  of  itself  without  any 
revetting. 

A  rock-cut  ditch  should  be  at  least  10  feet  deep,  so  as  to 
force  the  enemy  to  bring  up  ladders  to  cross  it,  which  would  be 
a  difficult  thing  to  do  under  the  fire  of  modern  weapons.  In  an 
attempt  to  sui-prise  the  Basses  Perches  Redoubt  at  Belfort  in 
1871,  which  had  rock-cut  ditches  of  this  doptli,  the  troops  which 
jumped  into  the  ditch  Avere  unable  to  get  out  again,  and  were 
all  taken  prisoners. 

A  convenient  dimension  is  15  feet  deep  by  18  feet  wide. 
An  escarp  40  feet  high  is  supposed  to  be  secure  against 
escalade,  but  the  defensive  power  of  modern  weapons  is  so 
great  that  it  would  never  be  worth  while  to  excavate  to  such  a 
depth  merely  for  defensive  purposes,  though  it  might  be  con- 
venient for  getting  stone. 

The  great  advantage  of  a  rock-cut  escarp  is  that  no  special 
precautions  are  necessary  to  be  taken  in  order  to  protect  it  from 
artillery  fire.  The  ditch  may  be  simply  cut  out  square,  and  the 
escarp  left  at  the  height  at  which  the  rock  happens  to  come, 

436.  Revetted  escarps  and  counterscai-ps  to  the  sides  of 
dry  ditches  used  to  be  almost  universal  for  peimanent  works.. 
A  flanked  wall  was  looked  upon  as  the  best  obstacle  against 
assault,  and  it  was  accordingly  provided ;  pains  being  taken  to 
secure  it  against  artilleiy  fire.  This  was  practicable  enough 
in  the  days  when  it  was  necessary  to  get  guns  on  the  crest  of 
the  glacis  in  order  to  breach  the  escarp,  and  even  at  a  later- 
date  it  was  stiil  possible.  At  the  present  time,  however,  the 
old  escarps  and  their  flanking  defences  can  be  ruined  by 
artillery  fire  from  a  distance,  so  that  both  must  be  built  in  a 
much  more  expen«dve  style  if  they  are  to  retain  their  relative 
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strength.  Moreover,  modes,  of  attack  from  a  distance  directed 
against  men  and  artillery  material  are  much  more  to  be  dreaded 
than  they  were  formerly,  and  more  attention  must  be  given  to 
guarding  against  them,  instead  of  against  assaults. 

The  improvement  in  weapons  has  also  benefitted  the  de- 
fence, extending  its  i-adius  of  eflfect,  and  enabhng  an  assault  to 
be  so  effectively  resisted  by  projectiles  that  comparatively 
slight  obstacles  will  delay  the  attacking  troops  sufficiently  long 
under  fire. 

The  relative  importance  of  the  escarp  wall  has  therefore 
diminished.  As  it  is  possible  to  have  a  reasonable  probability  of 
resisting  an  assault  without  it,  its  abandonment  and  the  use 
of  slighter  obstacles  in  its  place  has  been  very  generally 
advocated. 

Tho  flanked  wall,  however,  still  remains  the  most  effective 
barrier  against  the  last  stage  of  a  regular  siege,  and  it  should 
be  used  for  the  defence  of  any  work  which  is  liable  to  be 
attacked  in  this  manner.  As  has  been  seen,  however,  this  does 
not  seem  to  apply  to  British  w^orks  of  defence  under  present 
political  conditions;  which  is  fortunate,  seeing  the  strength 
that  would  be  necessary  for  an  escarp  in  such  a  case. 

437.  The  detached  wall  in  a  ditch,  which  at  one  time  was  Detached 
very  well  tl^ought  of,  may  now  be  considered  as  superseded  by  ^^U* 
the  steel  railing.     The  wall  has  tho  disadvantages  of  being 

easily  breached,  and  when  breached,  of  opening  the  whole 
length  of  the  rampart  to  the  assaulting  troops,  who  can  pass 
through  the  breacn  and  spread  to  right  and  left  before  coming 
under  fire  from  the  parapet.  Moreover,  it  necessitates  the  use 
of  flanking  galleries  m  the  ditch,  since  it  cannot  be  defended 
by  firing  tnrough  it  from  the  parapet  in  rear,  as  can  be  done 
with  a  railing. 

438.  A  revetted  counterscarp  is  still  a  useful  adjunct  to  a  Counter- 
work of  defence.     It  is  turned  away  from  the  enemy  on  the  "^*T*' 
side  of  the  fort  nearest  to  him,  so  that  there,  at  anv  rate,  it 
•cannot  be  struck  directly  by  projectiles.    It  is  possible,  how- 
ever, for  shells  to  penetrate  into  the  earth  behind  it,  and  to 

burst  there,  thus  tending  to  overthi'ow  it.  A  deUberate  at- 
tempt to  destroy  it  in  this  manner  could  only  be  part  of  regular 
^ege  operations.  For  our  purpose  it  would  be  enough,  in 
almost  all  cases,  to  make  it  strong  enough  to  resist  the  effect 
of  casual  shells.  If  a  demi-revetment,  it  might  be  made 
according  to  Pasley's  rules  (para.  414).  If  it  be  a  counter- 
arched  revetment  the  arches  might  be  somewhat  thinner  than 
the  dwelhng  casemates  in  the  same  work,  seeing  that  the  con- 
sequences of  any  injury  are  so  much  less  important.  The 
thickness  should  not,  however,  be  less  than  3  feet. 

A  counter-arched  revetment  for  the  counterscarp,  besides 
being  as  a  rule  economical,  is  also  useful  in  various  ways.  It 
may  be  employed  on  an  emergency  for  housing  men  and 
stores;  it  serves  as  a  starting  point  for  countermines  if  the 
attack  arrives  at  that  stage ;  and  by  filling  in  the  fronts  of  the 
arches  with  a  loopholed  wall  it  may  be  utilised  as  a  position 
ibr  firing  on  the  ditch. 
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A  countwMoaiY  revetment  may  be  used  either  with  or  with- 
out a  revetted  cssoai-p. 

A  Gouuteracaiip  wall  ghould  be  at  least  15  feet  high,  or  ii 
does  not  prevent;  men  jumping  down,  and  it  is  very  desirable  to 
finish  ofl"  the  upper  €  feet  or  so  with  a  steep  dope  which 
renders  it  difficult  for  an  assailant  to  see  wliat  tbere  is  at  the 
bottom  of  the  ditch  for  him  to  land  on,  and  is  inconvenient  for 
getting  on  to  the  top  of  a  ladder. 

439.  The  range  and  accuracy  of  modeiTi  weapons  ha» 
rendered  the  construction  of  escarp  walls .  and  of  flanking  de- 
fences a  difficult  and  costly  matter.  At  the  same  time  the 
gi*eat  I'apidity  of  fire  now  possible  has  rendered  an  assault  a 
much  more  dangerous  operation  than  it  used  to  be,  and  ha& 
lessened  the  desirability  of  checking  the  enemy  under  fire  by 
obstacles  in  order  to  detain  him  for  a  sufficiently  long  time  to 
produce  a  decisive  effect. 

This  rapidity  has  also  done  away  with  tlie  necessity  for 
employing  flanking  fire.  The  latter  may  be  considered  as  a 
device  for  attacking  the  whole  of  a  line  of  men  at  once  by 
firing  along  it.  It  is  now  possible  to  attack  the  whole  of  a  Uifce 
withm  a  short  space  of  time  by  firing  first  at  one  part  and  then 
at  another. 

It  will  be  understood  that  it  has  not  reduced  tho  efficiency 
of  flanking  fire  ;  on  the  contraiy  it  has  greatly  increased  it ;  but 
it  ihas  done  away  with  the  necessity  for  using  it. 

These  two  causes  acting  together  have  resulted  in  a  form 
of  work  in  which  the  escarp,  with  its  flanking  galleries  or 
caponiers,  is  absent,  and  the  ditch  is  directly  defended  by  fire 
from  the  parapet ;  the  superior  slope  being  prolonged  to  iiie 
boittom  of  ^titie  ditch  so  that  it  may  be  entirely  visible.  The 
counterscarp  may  be  also  an  earthem  slope,  in  which  case  it  woidd 
be  a  steep  one,  or  it  may  be  revetted.    {See  PL  0.) 

In  order  to  retain  the  advantage  of  having  an  obstacle^ 
while  at  the  same  time  not  interfering  with  the  fire  from  liie 
parapet,  a  steel  railing  is  placed  at  the  bottom  of  the  ditch. 
This  will  stop  a  portion  only  of  the  bullets  from  the  pai*apet 
fired  at  men  endeavouring  to  pass  or  destroy  it,  while  the  reat 
will  go  through  and  take  eflfect.  Its  top  should  be  kept  b^w 
the  crest  of  the  counterscarp  so  that  it  may  be  hidden  from 
view  and  protected  from  direct  fire,  and  may  not  interfere  with 
the  fire  over  the  glacis. 

In  addition  to  the  railing,  either  wire  entanglement,  abatis,  or 
other  similar  obstacles  should  be  arranged  in  the  ditch,  on  the 
glacis,  and  on  the  exterior  slopes  of  the  work.  These  obstaclea 
are  all  difficult  to  injm-e  by  artillery  fire,  and  do  not  iutei^re 
materially  with  the  defenders'  rifle  bullets.  An  obstacle  on  the 
glacis  is  very  desirable.  Without  it,  if  an  attack  were  pushed 
up  to  the  crest  of  the  glacis,  men  destroying  the  railing  would 
be  covered  by  their  comrades  firing  over  their  heads,  and  thu& 
perhaps  preventing  the  defenders  from  showing  themselves. 
To  avoid  this  mode  of  attack  it  has  been  proposed  to  omit  the 
railing  altogether  and  to  have  a  wide  shallow  ditch  covered 
with  wire  entanglement,  but  it  seems  as  well  to  let  the  enemy 


have  the  destruction  of  the  fence  to  do.  The  fence  makes  a 
better  pennanent  structure  than  an  entanglement,  and  besides  it 
require?  took,  ladders,  or  other  mechanical  expedients  iu  order  to 
pass  it,  and  is  not  merely  a  hindrance  to  movement  like  the  other. 

440«  Sometimes  the  inclination  of  the  ground  is  such  that  Sections  on- 
it  is  impossible  to  use  the  section  of  parapet  having  the  superior  ^^^^  grouncL 
slope  prolonged  to  the  bottom  of  the  ditch.  In  this  case  there 
are  two  alternatives  open.  Either  the  ditch  must  be  sup- 
pressed altogether,  when  the  (superior  slope  will  i-un  into  the 
surface  of  the  ground,  and  wire  entanglement  will  be  the  only 
obstacle  suitable  for  use  (see  Fig.  1,  PL  LXXXV) ;  or,  a  steep 
escarp  must  be  employed  which  will  bo  unseen  from  the 
parapet  behind  it.  The  first  arrangement  will  usually  be  the 
best  for  batteries  and  for  the  minor  intennediate  works  of  a 
fortress  when  they  have  to  be  built  in  on  steep  gi-ound. 

The  second  alternative  allows  of  several  variations  in  the  Various  ferms 
way  of  finishing  the  escarp.  It  may  be  either  a  simple  earth  of  escarp, 
slope  with  a  detached  wall  or  railing  in  the  ditch  {see  Fig. 
2),  or  may  be  revetted,  and  this  wall  or  railing  may  either 
be  unflanked  or  be  flanked  from  caponiers,  or  counterscarp 
galleries,  or  even  from  the  parapet  of  the  work  itself  as  in  the 
ba8tio^ed  trace. 

If  the  ditch  be  unflanked,  a  revetment  wall  is  preferable  to  In  nnflankec^ 
a  railing  {see  Fig.  2).     It  is  not  so  easily  injured  by  the  effoiis  ^^^K  Teret- 
of  a  stoi-ming  party  ;  a  breach  made  in  any  part  of  it  does  not  ^^e*to^  ^'* 
open  up  the  whole  length  of  the  parapet  to  an  assault ;  and  it  railing, 
can  be  defended  by  rolling  such  things  as  shells  or  boxes  of 
guncotton   over  the   parapet.      With   a  retaining  wall  these 
would  fall  into  the  ditch,  but  with  a  railing  would  be  caught 
by  it  and  would  probably  irgurc  it.     This  arrangement  of  ditch 
miglit  be  applied  to  a  work  that  M'as  liable  to  an  assault,  but 
not  to   an  attack    in  form,  a  condition  that  would  apply  to 
most   British  works    not    occupying    positions   of    first   class 
importance. 

The  revetment  need  not  be  built  to  resist  obus-torpilles. 
The  fact  that  the  enemy  cannot  be  seen  when  in  the  ditch  is  a 
matter  of  veiy  small  importance.  He  can  do  no  harm  so  long 
as  he  is  there,  as  he  will  not  have  time  to  mine.  It  is  super- 
fluous to  kill  him.  The  thing  is  to  prevent  him  getting  out 
again  until  the  supporting  troops  have  been  driven  back,  when 
those  in  the  ditch  will  be  captured.  An  obstacle  of  this  de- 
scription would  have  been  enough  to  stop  the  assaults  on  the 
Plevna  redoubts,  and  on  Gorny-Dubnik  m  the  Russo-Turkish 
War  of  1877-78,  and  it  saved  the  Basses-Perches  redoubt  in  the 
wdrof  1870  71. 

A  countei'scarp  revetment  may  often  be  added  with  advan-  Counter- 
tage,  and  is  indeed  sometimes  necessary  when  on  very  steep  scarp  reret- 
ground  in  order  that  the  crest  of  the  glacis  may  be  raised  high  ^^^^  ^^*^^* 
enough  to  hide  the  top  of  the  escai-p  from  view.     Wire  en- 
tanglement should  be  used  on  the  glacis  in  order  to  delay  the 
enemy  imder  fire. 

In  some  special  cases,  depending  entirely  on  the  form  of  the  Secondary^ 
ground  to   be  dealt  with,  it   becomes   possible   to  introduce,  parapet- 


'40 


PERMANENT   FORTIFICATION. 


below  the  main  parapet,  a  secondary  one  which  shall  see  the 
ditch.  Then  a  railing  may  be  used  {see  Fig.  4).  These 
secondary  parapets  may  be  feasible  only  at  certain  paiis  of  the 
work,  as,  for  example,  opposite  the  salients.  It  will  sometimes 
be  preferable  to  introduce  them  instead  of  making  the  exterior 
slope  of  the  main  parapet  steeper,  and  thus  weakening  the 
crest. 


-<7apoiuen  and 
flanking 
^galleries. 


Sscarp 
^lenes. 


Counter- 
scarp gallerieB 
And  caponiers, 
relative 
AdTBnt^gee. 


Caponiers 


Caponiers  and  Flanking  Galleries. 

441.  In  the  case  of  works  of  pai-ticular  importance,  or 
which  for  some  local  reason,  such  as  the  proximity  of  cover, 
are  especially  liable  to  assault,  it  will  be  desirable  to  flank  the 
ditches  by  means  of  caponiers  or  by  counterscarp  galleriea 

A  caponier  is  a  building  projecting  from  a  wall  for  the 
purpose  of  obtaining  a  flanking  fire  along  it.  Flanking 
galleries  serve  the  same  purpose.  They  do  not  project  from  a 
wall,  but  are  formed  behind  an  angle  of  it,  and  are  termed 
escarp  or  counterscarp  galleries,  or  casemates,  according  to  their 
positions  and  dimensions. 

Escarp  galleries  are  sometimes  useful  in  the  gorges  of  works, 
where  they  may  form  part  of  the  dwelling  casemates,  and  are 
not  exposed  to  artillery  fire.  The  walls  would  be  loopholed 
for  rifles. 

Examples  of  these  flanking  arrangements  will  be  seen  in 
PI.  CXL,  and  others  illusti*ating  Chapter  V,  Part  2,  on  the 
History  of  Fortification. 

442.  Counterscarp  galleries  and  caponiers  are  used  for  the 
ditches  of  the  front  faces. 

The  advantages  of  the  former  are  that  they  can  be  entirely 
protected  from  artillery  fire,  and  that  they  are  often  economical 
to  build,  being  combined  with  the  revetment.  On  the  other  hand, 
they  require  a  long  gallery  of  communication,  which  is  some- 
times difficult  to  di'ain,  as  it  passes  under  the  ditch ;  they  are 
exposed  to  an  attack  by  lowering  explosives  over  the  counter- 
scarp; and  they  can  be  destroyed  by  mines.  This  last 
objection,  however,  only  appUes  in  the  case  of  a  regular  siege. 
A  caponier  is  more  secure  in  this  respect,  but  is  difficult  to 
protect  from  artillery  fire.  Also,  if  a  long  caponier  is  used,  the 
widening  of  the  ditch  required  round  its  head  renders  it  incon- 
venient of  application  when  the  glacis  is  on  a  steep  slope. 
The  effect  of  moving  the  counterscarp  outwards  is  to  lower  its 
top,  unless  the  crest  of  the  glacis  can  be  raised,  and  its  slope 
made  flatter.  Lowering  the  top  would  lessen  the  projection 
where  it  is  most  wanted,  and  would  indicate  the  position  of  the 
caponier. 

443.  Caponiers  may  either  be  constructed  to  be  of  service 
in  case  of  assault  or  sui-prise,  in  placen  where  they  are  not 
liable  to  a  serious  artilleiy  attack ;  or  they  may  be  subject  to 
such  an  attack,  but  not  be  expected  to  resist  the  last  stages  of 
a  regular  siege ;  or  they  may  be  intended  to  resist  the  crossing 
of  the  ditch  in  form. 

With  this  last  case  we  are  not  particularly  concerned.    Such 
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capoiiieiTS  would  have  to  be  very  strongly  built  of  concrete 
and  iron,  the  roof,  at  least,  being  of  the  latter  material.  They 
would  have  to  be  armed  with  at  least  two  guns  on  each  face  of 
about  4  inches  caUbre,  which  could  fire  shell  at  any  siege  work 
constructed  in  the  ditch,  and  with  rifles  in  addition. 

444.  If  an  artillery  attack  be  expected,  but  not  the  final  Counter- 
operations  of  a  regidar  siege,  a  counterscarp  gallery  is  a  very  '^"^  gwiery- 
suitable  means  of  flanking  a  ditch,  as  it  can  be  mado  secure 

against  this  form  of  attack.  Plate  XCII  shows  one  constructed 
for  one  gun  and  five  rifles.  A  caponier  of  minimum  dimensions 
might  also  be  used  in  this  case,  and  if  it  were  impossible  for 
any  reason  to  shelter  it  efficiently  from  fire,  it  would  not  be 
impracticable  to  form  it  of  armour-plate,  either  in  whole  or 
only  the  roof.  The  latter  arrangement  would  be  much  less 
costly  than  making  it  all  of  iron,  while  it  would  reduce  the 
area  of  the  target,  and  render  the  part  most  liable  to  be  struck 
practically  secure. 

Another  way  of  flankiug  a  ditch  in  a  secure  manner  is  to  use  Tourelles. 
tourelles  for  machine  guns. 

445.  If  the  caponiers  are  required  to  resist  assault  only,  ui  Details  of 
few  magazine  rifles  will,  as  a  rule,  give  an  amply  sufficient  fire  ?^2^"  *°^ 
down  the  confined  space  of  a  ditch.      Machine  guns  should  g^eri4. 
seldom  be  used  in  such  a  situation.     Their  useful  field  of  effect 

is  so  much  larger  that  they  should  be  on  the  parapet,  where 
they  would  very  likely  prevent  the  enemy  approaching  the 
ditch  at  all. 

As  guns  are  not  required  to  be  mounted  for  the  purpose  of 
destroying  covered  communications  across  the  oitch,  they 
should  be  sparingly  used.  They  will  be  required  only  for  long 
ditches,  where  they  will  take  effect  simultaneously  on  a  larger 
number  of  an  assaulting  party  than  rifies  will.  The  gun  to  be 
employed  would  be  the  32 -pr.  S.B.,  B.L.,  which  is  cheap,  handy, 
effective  and  sufficiently  rapid. 

446.  To  obtain  the  maximum  fire  it  should  be  as  long  as  Design  of 
possible ;  therefore  the  loophole  at  the  inner  end  should  just  ^^^^ 
see  down  the  face  of  the  escarp,  and  that  at  the  outer  end  down  flanking 
the  face  of  the  counterscarp.     The  gallery  behind  the  loopholed  galleiy. 
wall  must  therefore  be  carried  at  least  two  feet  within  the  line 

of  the  escarp,  and  beyond  that  of  the  counterscarp.  As  many 
loopholes  as  possible  should  be  placed  between  them,  the 
distance  from  centre  to  centre  not  being  less  than  3  feet. 

If  a  gun  be.used,  the  centre  of  its  embrasure  should  be  about 
-5  feet  from  the  escarp  ;  this  gives  room  for  a  loophole  between 
it  and  the  wall. 

The  loopholes  should  not  be  less  than  1  foot  6  inches  above 
the  bottom  of  the  ditch,  or  their  view  is  easily  blocked.  It  is 
best  to  have  the  floor  of  the  gallery  level  with  the  bottom  of 
the  ditch.  As  the  ground  immediately  outside  the  gallery 
fihould  be  7  feet  below  the  loopholes,  it  is  usually  necessary  to 
provide  a  drop  ditch,  about  10  feet  wide.  ~  • 

The  gallery  may  be  as  narrow  as  2  feet  6  inches,  but  is  best 
made  4  or  5  feet  wide. 
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A  32-pr.  S*B.,  B.L.  gim  requires  a  len^li  of  10  feet  far  a 
width  of  8  feet  for  workmg:  it.     {See  para.  4t)0.) 

The  face  of  a  long  caponier  Bhonld  be  Banked  by  two  or 
iiiree  loopholes. 

The  end  of  a  caponier  may  either  be  made  square,  in  which 
case  it  should  be  provided  with  one  or  two  horizoutal  loopholes 
for  it*  owB  defence ;  or  it  may  be  Tiiade  pointed  so  as  to  he 
flanked  from  another  gallery;  or  it  may  be  buried  in  the 
counterscarp  if  the  latter  is  a  high  one.  The  first  arrangement 
is  usually  the  best. 

In  the  case  q{  a  "  single  caponier,"  ue.,  one  that  fires  oneway 
only,  it  is  desirable  to  provide  for  £re  ovei*  its  roof,  if  it  can 
be  done. 

In  the  case  of  a  large  double  caponier,  which  fires  both  ways, 
the  end  may  be  given  an  indented  form. 

In  the  case  of  a  double  caponiei*  at  an  angle,  it  is  advisable^ 
as  a  rule,  to  make  two  liorns  of  it,  so  to  speak,  and  not  to  make 
a  single  gallery  with  loopholes  on  both  sides.  Injury  to  one 
half  will  then  not  silence  the  other,  and  the  head  can  be  properly 
defended. 

The  widening  of  the  ditch  round  the  head  of  a  caponier 
EihQuld  be  done  as  far  as  possible  without  lowering  the  crest  of 
tibte  glacis,  and  without  making  the  dftch  at  that  point  so  narrow 
as  to  facilitate  escalade.  These  objects  may,  in  many  casses, 
be  combined  by  increasing  the  height  of  the  countei-scarp  revet- 
ment there. 

A  counterscarp  gallery  is  hke  a  single  caponier.  The  com- 
munication to  it  will  be  longer,  as  it  must  pass  under  the  ditch. 

447.  With  the  introduction  of  magazme  rifles  it  would  be 
sufficient,  in  most  cases,  to  use  caponiei*s  of  the  smallest  dimen- 
sions ;  say  for  two  loopholes  flanking  a  wall. 

The  one  shown  in  PI.  LXXXVI  has  its  walls  formed  of  -^inoh 
steel  plate,  which  is  bullet-proof.  The  advantage  of  using  this 
in  preference  to  masoni*^  is  that  the  triangular  foiin  can  be 
adopted,  which  is  easily  flanked.  A  masonry  wall  would  have 
to  be  nearly  perpendicular  to  the  escarp,  on  account  of  the 
loopholes.  The  roof  might  be  made  of  several  layers  of  plate 
or  erf  rails,  which  would  be  shell-proof. 

Caponiers  are  susceptible  of  a  considerable  variety  o?f 
treatment,  depending  on  the  cu'cumstances  of  each  particular 
case. 

448.  Caponiers  and  counterscarp  galleries  are  objected  to 
as  locking  up  small  lx)dies  of  men  in  isolated  positions  away 
from  the  mam  body  of  their  comrades,  so  that  they  can  only 
receive  an  imperfect  supei'vision  ;  and  then  these  men  are 
expected  to  fight  with  energy  at  almost  the  last  period  of  the 
attack,  when  the  enemy  are  nearly  in  the  place,  and  their  last 
chance  of  escape  is  on  the  point  of  being  cut  off*. 

Moreover,  they  require  a  number  of  men  to  occupy  and  guard 
them  during  a  siege,  while  they  can  actually  be  required  for  use 
only  during  a  very  shoi-t  portion  of  it. 
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MOUNTINGS  AND  EMPLAOBMENTS  FOR  GUNS.       4A 

Tbeir  advocatee  point  out  that  during  an  actual  attaek  m 
small  number  of  men  can  oppose  a  very  efficient  resistaDoe  io  Jt 
imieh  larger  number. 

Both  the  objections  against  them  and  the  plea  for  them  .are 
well  founded.  It  depends  on  the  nature  of  the  probable  at1»iak 
and  on  the  general  {arm  of  the  defences  "wiiich  shall  prevail, 
but  at  the  present  time  they  should  «oldotm  be  employed. 


Section  7.— Mountings  and  Emplage3ients  for  Guks. 

Existing  Mountings  for  Forti^ess  Guns. 

m 

44^9.  The   guns   in  the  land  fronts   of  British  fortresses  Existing 
^Vhidi    are    peraianently  in   position  are   nearly  all   mounted  monntiny 
on  sliding  carriages  and  traversing  slides  working  on  racers.  ^«f<^«rt»"** 
These  are  of  various  patterns  and  dimensions,  but  agree  in 
the  principle  of  their  construction.     (Sfne  PI.  LXXXyill,  where  GenCTsl  cxm- 
the  mounting  for  a  7-inch  R.M.L.  is  shown.)     ITie   carrage,  Btruction. 
sometimes  made  of  wood  and  sometimes  of   iron,  supports  "die 
trunnions   of  the   gun,  and   contains  the   ele\'ating  .  gear.    !Et 
sfides  on    the   traversing  slide  which  contains  the   hydraulic 
buffei's,  or  other  aiTangement  for  checking  the  movement  of 
recoil  of  the  carriage.     It  is  usually  made  of  wood,  but  some- 
times of  iron.     The  slide  is  supported  on  iron  flanged  tracks, 
which  move  on  curved  iron  rails  called  racens. 

450.  The  Racei-s  form  a  circular  path  for  the  gun,  whidh,  Bacers» 
by  being  traversed  from  side  to  side,  can  be  pointed  in  any 
i^eqnired  direction.  Also,  being  always  nearly  at  right  angles 
to  the  line  of  fire,  they  take  up  the  shock  of  recoil  through  the 
flanges  of  the  trucks,  and  thus  prevent  any  movement  of  ^le 
slide  in  a  backward  direction.  The  racers  aje  supported 
against  this  shock  either  by  being  let  into  stone  blocks,  or  by 
being  attached  to  iron  chairs,  both  the  blocks  and  the  chairs 


**A"  PiTOT  Bacebs.  *'C"  PrroT  Sacbm. 
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being  bedded  in  concrete.  It  is  of  the  greatest  importance 
to  have  the  racers  true  and  securely  laid.  A  very  slight 
inequality  will  interfere  materially  with  the  movement  of  the 
slide.  As  a  temporary  measure,  tbe  racers  may  be  bolted  to 
baulks  of  wood  sunk  in  the  ground. 

Racers  are  given  different  letters — A,  B,  C,  D,  E,  and  F — 
according  to  their  curvature,  and  the  consequent  position  of 
the  pivot  about  which  they  work. 

The  commonest  letters  are  A  and  C.  With  "A"  raceis, 
the  pivot,  which  is  usually  an  imaginary  centre  only,  not  an 
actual  iron  one,  is  in  front  of  the  slide.  'With  "C"  racers  the 
actual  pivot  is  in  the  centre.  **  C "  pivots  are  usually  to  be 
preferred  for  guns  in  the  open,  as  there  is  then  no  necessaiy 
impediment  to  the  guns  travereing  all  round  the  circle,  but 
behind  ports  or  embrasiu-es  "  A  "  pivots  have  to  be  used. 

451.  The  mountings  on  traversing  slides  may  l>e  divided 
into  two  classes :  those  Avith  guns  firing  over  high  and  those 
over  low  parapets. 

The  low  parapets  are  of  various  heights — ^from  2  feet 
3  inches  to  4  feet  3  inches ;  3  feet  6  inches  is  perhaps  the  most 
convenient  of  them.  The  mountings  for  low  parapets  are  used 
either  with  embrasures  or  ports.  If  the  guns  were  to  fire  over 
the  top  of  the  pararet  the  gun  detachment  would  be  much 
exposed.  In  any  case  the  mounting  is  only  suitable  for  use  in 
concealed  positions ;  that  is  to  say,  in  interaiediate  batteries, 
or  on  the  flanks  of  works. 

The  high  parapets  used  Avith  "  blocked-up ''  slides  are  nearly 
6  feet  (5  feet  lOJ  inches)  over  the  top  of  the  racers.  Protection 
is  thus  obtained  for  the  gun  detachment  against  fire,  though 
not  for  the  gun,  but  the  loading  is  not  very  convenient.  It 
thus  becomes  possible  to  use  this  mounting  on  the  front  faces 
of  works  when  a  regular  siege  is  not  anticipated. 

Most  of  these  moimtings  are  modifications  of  old  "  dwarf 
traversing  slide,"  which  will  still  be  foiuid  unchanged  in  many 
situations.  It  has  been  "blocked  up,"  to  make  the  hign 
mounting:  cut  down,  sometimes  shortened,  to  make  the  low 
ones.  It  is  IG  feet  long,  5  feet  wide,  and  the  gun  mounted 
on  it  fires  over  a  parapet  4  feet  3  inches  high.  This  will  give 
an  idea  of  the  room  required  in  the  emplacements. 

The  guns  used  with  mountings  of  this  description  are  the 
64-pr.  and  80-pr.  R.M.L.  and  the  7-incli  R.B.L. 

These  mountings  have  been  described  because  they 
are  so  much  used  in  existing  works,  but  they  are  not  well 
adapted  to  modern  siege  warfare,  as  they  are  hirge  and  not 
easily  moved;  their  emplacements  cannot  be  easily  extem- 
porised ;  nor  do  they  give  much  protection  to  the  gun.  More- 
over, the  guns  employed  with  them  are  not  long-ranging  nor 
very  accurate.  They  may  eventually  find  suitable  situations 
in  the  concealed  intermediate  batteries  of  fortresses  in  situations 
where  the  ranges  are  not  long. 

452.  The  counterweight  "Moncrieff"  can-iage  waa  an 
attempt  to  improve  the  mounting  of  the  old  type  of  gun,  by 
keeping  it  out  of  view  behind  the  parapet,  except  whue  it  is 
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MOUNTINGS  AND  EMPLACEMENTS  FOR  GUNS.  45 

being  laid  and  fired.  The  force  of  recoil  brings  it  down  under 
cover,  and  also  raises  the  counterweight,  which,  in  its  turn, 
raises  the  gun  to  the  firing  position  '\vhen  required.  In  other 
respects  it  lias  the  defects  of  the  traveling  slide,  being  even 
heavier  and  less  easily  moved.  It  can  be  left  where 
mounted,  but  there  is  no  field  for  its  employment  -in  the 
future. 

453.    The    breech-loading  5-inch    and    4-inch    guns    are  Overbaak 
mounted  on  a  steel  **  overbank "  travelling  carriage   to   fii*e  ^magw  'or 
over  a   6-foot  parapet.      This  carriage  works  on   a  wooden     *  '  ^'™*' 
platform,  called  the  *' double-decked  '  platform,  because  it  is 
made  with  two  layers  of  3-inch  j^lank.     It  has  an  actual  pivot 
{see  PL  LXXXVIII).     The  recoil,  being  violent,  is  checked  by  a 
hydrauKc  bufier    betw(ien    this  pivot  and  the  trail,  of   the 
cari'iage.     The  size  of  the  platform  is  18  feet  long  and  12  feet 
wide,  measured  along  the  parapet.     With  these  dimensions  the 
gun   can    get  an  angle   of  traverse   of  56   degrees,   and   by 
widening  the  platform  to  18  feet  this  angle  can  be  increased 
to  90  degrees.     The  parapet  should  be  kept  one  foot  in  front 
of  the  platform,  and  then,  when  sti*aight,  will  not  interfere  with 
\\iQ  wheels  at  these  angles  of  training. 

This  mounting,  Kke  the  "  blocked-up  "  sUde,  gives  protection 
against  direct  fire  to  the  detachment  but  not  to  the  gun.  It 
is,  however,  fairly  mobile,  though  it  cannot  rush  into  action 
like  a  field  gun,  since  the  platform  requires  to  be  carefully 
laid,  and  the  gun  and  carnage  are  of  a  considerable  weight  for 
moving  Aout,  It  is  possible  to  take  the  gun  under  cover 
when  the  fire  is  very  severe,  and  to  bring  it  out  again  when 
it  slackens ;  the  platform  being  left  to  take  its  chance.  It  can 
be  used  on  the  front  faces  of  works  not  liable  to  a  regular 
siege,  and  is  suitable  for  intermediate  batteries  such  as  would 
usually  be  constnicted  for  straight-shooting  guns. 

4&4L.    The  smaller  guns,  such  as  the  40-prs.  R.M.L.  and  Mountings 
B.B.L.,  are  mounted  on  overbank  carriages,  to   fire   over  a  ^*^^[**® 
5-foot  6-inch  parapet.    They  work  on  a  double-decked  plat-    ^  «'  g^ns* 
form,  but  without  an  actual  pivot.   Their  capabilities  are  similar 
to  those  of  the  breech-loading  guns  on   the    mounting  just 
described,  but  they  are  more  mobile. 

The  mountings  and  emplacements  for  field  gTins,  which  will 
be  used  in  sieges  as  well  as  the  heavier  natures,  have  been 
described  in  Chapter  I,  on  Field  Fortification.  They  can  be 
fired  off  the  double-decked  platform. 

455.   It  may   be  considered  certain  that  a  movable  dis-  DiBappearing 
appearing  mounting  for  4  inch  and  5-inch  B.L.  guns  will  be  mountings 
introduced  into  the  service.     It  vn\[  allow  the  gun  to  recoil  ^-'^  ^•'^- 8""*- 
behind  the  pampet  at  each  round.     In  dimensions  and  space 
requu-ed  it  will  not  differ  materially  from  the  overbank  carnage 
for  the  same  gun,  but  will  be  heavier  and  slower  to  move.    It 
will  be  excellently  adapted  for  intermediate  batteries,  which 
will  be  at  least  partly  concealed,  but  will  not  be  very  much 
better  than  the  overbank  for  use  on  the  front  faces  of  forts, 
where  its  position  must  be  kncwTi,  and  where  it  can  be  attacked 
by  howitzer  fire. 
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45&  It  is  a  debated  quefltion  at  present  whether  it  wonld 
not  be  best  to  give  up  the  practice  of  firing  guns  and  ho^vitzers 
off  their  travelling  carriages^  and  to  have  separate  firing 
mountings.  It  is  tnought  that  they  would  be  got  into  action 
q^nite  as  quickly,  and  that  the  mountings  would  take  up  loe^ 
room  and  be  capable  of  containing  more  accurate  adjustments. 
If  quick-firing  siege  guns  are  introduced  additional  impetus 
will  be  given  to  a  change  of  this  n»tare. 

This  change,  however,  although  an  important  one,  will 
only  affect  the  works  in  some  of  their  details,  and  not  in  their 
general  arrangements. 

457.  Another  improvement,  which  is  under  consideration, 
is  mounting  guns  for  firing  off  railway  trucks.  This  is  in  ordei- 
to  gain  the  greatest  possible  mobility,  either  for  moving  fi:om 
one  part  of  a  fortress  to  another  or  from  one  emplacement  to 
aaomer  if  the  fire  becomes  too  hot  A  5rinch  B.L.  gun  can  be 
fired  off  a*  truck  on  a  line  at  right  angles  to  the  rails  without 
o'VRBrtuming  it,  if  the  truck  be  weighted  so  as  to  increase  its 
inertia. 

It  in  addition,  the  mounting  on  wliich  the  gun  is  earned 
upon  the  truck  be  one  that  admits  of  being  removed  from  it 
and  used  elsewhere,  the  maximum  of  mobility  m'-IU  be  attained, 
This,  last  provision  is  necessarj'^,  as  the  railway  line  cannot,  in 
many  cases,  be  taken  to  every  spot  where  it  may  be  desirable 
to  place  a  battery. 

It  will  be  found  that  laying  out  a  suitable  line  on  the 
uneven  ground  wliich  is  to  be  found  at  all  our  fortifieTd  portions 
is*  not  an  easy  task.  The  concealment  of  line  must  be 
careftiUy  studied,  and  suitable  parapets  fonned  at  the  firing 
points. 

Rifled  HowrrzBR  Mountings. 

4584  R.M.L.  rifled  howitzers  are  all  mounted  on  travelling 
carnages^,  which  are  fired  off  the  same  pattern  of  double-decked 
plaifoi^m  as  the  breeeh-loading  guns.  The  axis  of  the  howitzer 
when  horizontal  is  3  feet  3  inches  above  the  ground,  and  tlio 
parapet,  if  formed  as  near  to  it  as  possible,  should  be  of  the 
same  height,  which  will  admit  of  the  weapon  being  fired  at  a 
minimum  angle  of  5  degi*ees  elevation. 

It  is  evident  that  this  will  not  give  much  cover  to  tdie  de- 
tachment, and  consequently  a  howitzer  battery  shotdd  always 
be  concealed.  A  point  to  be  borne  in  mind  in  laying  out  a 
howitzer  battery  is,  that  when  the  target  cannot  be  seen  from 
the  gun  the  shooting  is  kept  true  by  "  back-laying,"  that  is.  ]jy 
laying  on  to  some  object  in  rear  with  specially  arranged  sights. 
This  .object  should  be  nearly  in  the  line  of  fii*e,  and  as  distant 
as  posoble.  It  may  be  some  existing  mark  or  a  post  may  bo 
driven  for  the  purpose.  A  light  can  be  used  at  night.  A 
Iiowitzer  battery,  therefore,  should  have  some  open  space  in 
rear  of  it. 

Some  powerful  bi^eech-loading  howitzers  are  under  trial. 
They  take  up  about  the  same  space  as  the  muzzle-loader,  but 
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having  a  more  violent  recoil,  they  require  a  strong  anchoi*aige 
"buried  some  7  feet  in  the  ground.  More  time  i%  therefore 
necessary  to  prepare  their  emplacements* 


Rifled  Mortar  Mountings. 

469.  Rifled  moi'tai-s,  though  not  yet  forming  part  of  our  Rided  mortu* 
armaments,  will  doubtless  do  so  before  long.  They  will  be  moantings. 
fired  off  "  beds  "  resting  on  the  ground,  as  the  strain  from  pieces 
fired  at  high  angles  of  elevation  would  be  too  great  for  wheeled 
carriages.  They  may  be  assumed  to  occupy  the  same  amount 
•of  room  as  the  howitzere,  and  will  require  facilities  for  back- 
laying,  unless  they  are  provided  with  graduated  ti-aversing  arcs, 
which  might  be  done  with  beds. 

The  7-pr.  mountain  gun  of  200  lbs.  weight  forms  part  of  Mountain 
the  siege  train,  in  which  its  small  size  and  light  weight  render  ^^^' 
it  suitable  for  carrying  about  and  firing  at  short  range  from  any 
convenient  corner  of  the  trenches,  in  the  fashion  of  a  mortar. 
It  would  be  equally  useful  to  the  defence  if  employed  in  a 
similar  manner. 

Gun  for  Ditch  Defence. 

460.  For  firing  down  a  ditch  where  the  range  required  is  82-pr.  S.B., 
short,  a  32-pr.  S.B.  gun  converted  into  a  breech-loader  has  been  ^•^• 
introduced.  It  fires  case  shot,  and  the  lateral  spread  of  the 
balls  is  so  great  that  no  traversing  i»  necessary,  and  the  slide 
<3an  be  permanently  fixed  in  its  proper  position.  It  requires  a 
space  about  8  feet  wide,  measured  along  the  parapet;  by 
10  feet  long  as  a  minimum,  and  it  fires  over  a  height  of  2  feet 
4\  inches. 

QuiOK-FmiNG  Gun  Mountings. 

461*  It  is  probable  that  before  long-  the  quick-firing  prin-  Q.F.  gun 
•ciple  will  be  extended  to  the  larger  classes  of  forferess  and  siege  mountinge, 
weapons,  but  at  present  the  only  quick-firing  gun  likely  to  be 
generally  met  with  in  our  land  defensive  arrangements  m  the 
3-pr.     This  is  provided  with  a  light  tiuvelling  carriage  which  3-pr.  Q.F, 
■will  admit  of  the  gun  firing  over  a  S-feet  10-inch  parapet.     No 
platform  is  required  for  it,  only  a  levelled  surface  of  ground, 
and  it  does  not  recoil.     Being  light  and  easily  handled,  it  is  a 
useful  weapon  for  bringing  into  action  on  an  emergency,  but 
from  tiio  small  size  of  its  shell  it  does  not  produce  a  great 
effect. 

The  recoil  of  the  6-pr.  on  a  field  carriage  has  not  yet  been  6-pr.  Q.F* 
mastered  so  as  to  enable  it  to  bo  fired  without  any  movement. 
Consequently  its  employment  on  such  a  mounting  does  not 
offer  any  advantages  over  a  field  gnn.  If  used  it  would  have 
to.be  on  a  "cone  *  mounting,  which  is  a  simple  cone  of  steel 
carrying  the  gun  with  its  elevating  and  traversing  gear.     It 
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462.  It  might  be  sometimes  found  advantageous  to  use  the 
"  pillar  mounting "  for  quick-firing  guns  iu  land  defences, 
although  it  is  more  especially  suitea  for  use  in  coast  batteries, 
if  it  were  introduced  for  this  gun  as  it  is  for  the  4*7-inch  Q.F. 

• 

This  couBists  of  a  movable  cylinder  sliding  in  a  fixed  vertical 
one,  the  top  of  the  latter  being  flush  with  the  ground.  The  mov- 
able cylinder  which  is  counterpoised  canies  the  gun  with  its 
elevating  and  traversing  gear.  When  the  movable  cylinder  is 
down,  the  gun  is  conceal^  behind  the  parapet.  When  up,  it  is 
raised  into  the  firing  position.  The  mounting  is  suited  to  the  con- 
ditions of  a  quick-firinff  gun,  which  cannot  disappe<ir  from  view 
between  each  shot  without  losing  its  distinctive  characteristic  of 
rapidity  of  fire. 

The  ffun  will  fire  over  a  parapet  4  feet  8  inches  above  the  top  of 
the  fixed  cylinder,  and  the  radius  of  the  emplacement  is  8  feet. 
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mounting. 
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mountings. 


Machine  Gun  Mountings. 

463.  The  mountings  for  machine  guns  have  been  described 
in  Chapter  I,  Field  Fortification,  para.  80.  The  most  con- 
venient for  fortress  work  is  the  '*  parapet  mounting,"  which 
can  be  used  at  any  ordinary  parapet  arranged  for  infantry,  see 
PI.  LXXXIX.  It  is,  however,  desirable  to  have  a  banquette  3 
feet  6  inches  wide,  which  is  rather  wider  than  is  usual  for  infantry. 

The  travelling  mountings  are  not  as  a  rule  suitable  for  use 
in  works.  The  "  steel  field  mounting  for  land  sei-vice  "  fires 
over  a  height  of  4  feet,  and  requires  a  space  of  at  least  12  feet 
from  the  parapet  on  account  of  the  snafts  with  which  it  is 
provided. 


Beretment  of 
parapets. 


Revetment  of  P^vrapets. 

464.  The  parapet  in  front  of  a  gun  has  to  be  revetted  so  as 
to  stand  vertical,  or  nearly  so,  and  this  for  the  following 
reasons : — It  brings  the  crest  nearer  to  the  gun,  and  thus 
increases  the  cover,  and  it  allows  the  muzzle  when  firing  to  be 
beyond  the  crest,  over  the  superior  slope.  This  is  necessary  in 
order  to  avoid  injury  to  the  detachment  from  the  bla«t.  The 
revetment  may  be  made  of  any  local  building  material  or  of 
concrete.  It  should  stop  about  a  foot  below  the  crest,  and  the 
upper  portion  should  be  finished  off  with  sods,  so  that  it  may 
not  splinter  when  struck.  The  upper  surface  of  the  parapet 
will  get  scooped  out  under  the  muzzle  of  the  gun  by  the  firing, 
to  the  depth  of  several  inches.  This  should  be  filled  up  from 
time  to  time  with  earth.  The  parapet  will  be  curved  in  front 
of  euns  on  centre  or  C  pivot  mountings,  and  straight  or 
slightly  indented  in  front  of  guns  on  A  pivots,  or  on  travelling 
mountings. 

The  parapet  in  front  of  a  howitzer  or  mortar  tiring  at  high 
angles  may  be  formed  at  a  slope  of  1  in  1,  as  the  muzzle  cannot 
be   brought   near  the  superior  slope,  even  with  a  revetment. 
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Siuce  these  weapona  would  always  be  fired  from  a  concealed 
positioii  the  close  protection  to  the  men  is  not  of  such  import- 
ance as  with  visible  guns,  and  the  interior  of  the  parapet  may 
be  finished  off  at  a  slope. 

Parapets  and  Loopholes  for  Infantry. 

465.  The  soldier  fires  his  rifle  as  a  rule  over  a  parapet  of  infantry 
the  height  of  4  feet  6  inches — a  httle  more  if  the  superior  slope  parapet, 
be  very  flat,  a  little  less  if  it  is  steeply  inclined. 

The  most  convenient  width  for  the  banquette  on  which  he  Banquette, 
stands  is  3  feet.  It  may  be  reduced  if  necessary  to  2  feet,  but 
should  be  increased  to  3  feet  «>  inches  at  any  points  where  it 
may  be  contemplated  to  use  a  machine  gun  on  a  parapet 
mounting.  It  is  approached  by  a  ramp  at  1  in  2,  or  by 
steps.  The  latter  are  preferable  as  allowing  of  better  cover. 
The  section  s]|Dwn  in  r  1.  X(J,  is  arranged  so  as  to  give  protec- 
tion to  men  standing  on  the  ground  behind  it  against  projectiles 
falling  at  an  inclination  of  1  in  4. 

The  breast  wall  of  the  parapet  may  be  vertical  or  inclined  Breaatwall^i' 
as  much  as  4  in  1,  according  to  its  construction,  or  it  may  be 
vei-tical  for  part  of  its  height  and  finished  off  with  a  slope.  It 
may  be  revetted  with  sods,  sun-dried  bricks,  gabions,  fascines, 
or  sandbags,  or  Willesden  cardboard  secured  by  pickets,  or 
anything  else  that  does  not  splinter ;  or  for  part  of  its  height 
only,  with  brick  or  rubble.  The  revetment  should  have  no 
special  foundations  as  any  settlement  is  quite  immaterial. 

The  crest  of  the  parapet  should  not  be  sti'aight,  but  should 
be  finished  off  with  a  series  of  hummocks  about  3  feet  long  and 
9  inches  high.  These  will  give  additional  security  to  the  men 
firing  both  by  concealment  and  by  actual  protection  against 
bullets. 

466.  Walls  not  exposed  to  artillery  fire  may  be  loopholed 
for  riflea 

The  points  of  a  good  loophole  are  that  the  man  using  it  Loopholes, 
should  be  able  to  fire  from  it  easily,  and  in  the  required  direc- 
tion ;  that  it  should  not  weaken  the  wall  more  than  can  pos- 
sibly be  avoided ;    and  that  it  should  not  be  easy  for  the  enemy 
to  fire  into. 

Suitable  forms  for  loopholes  in  brick  and  in  stone  respec- 
tively will  be  found  in  Plates  XCl  and  XCII. 

The  following  points  should  be  particularly  noted : — The 
minimum  distance  apart  at  which  loopholes  should  be  placed  is 
3  feet  from  centre  to  centre  ;  4  feet  is  more  convenient.  For  a 
man  armed  with  the  infantry  rifle  the  neck  or  narrowest  part 
of  the  loophole  should  be  at  most  2  feet  6  inches  from  the  inner 
face  of  the  wall.  A  4-feet  wall  is  the  thickest  which  it  is  con- 
venient to  loophole.  Care  should  be  taken  to  construct  loop- 
holes so  that  it  shall  be  difficult  for  bullets  to  glance  in.  The 
precautions  taken  for  this  purpose  are  shown  in  the  Plates. 

Horizontal  loopholes  are  useful  in  places  where  a  large 
lateral  range  is  required.  They  may  be  4  inches  high  and 
3  feet  long. 
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Every  loophole  should  be  designed  to  moat  the  place  it  is  to 
occupj. 

Armour  Protection /or  Fortress  ArtUlery, 

467.  It  18  impoBsible  to  leave  the  subject  of  gun  mountings 
M-ithout  some  reference  to  the  various  forms  of  armour  protection 
for  fortress  artillery  which  are  in  use  upon  the  continent,  even 
although  none  of  them  have  as  yet  (1892)  been  adopted  into 
our  service. 

There  are  numerous  competing  patterns,  and  it  is  at  present 

impossible  to  say  which  is  the  best  or  which  will  finally  command 

the  most  general  acceptance.     Agreement  on  some  points  was, 

Bii/'l  «r«it        however,  arrived  at  by  the  experiments  carried  out  at  Bucharest 

#•»!  rnnirfit^.     in  18>55-86  under  the  Roumanian  Government,  in  order  to  decide 

on  the  types  for  the  forts  they  contemplated  building. 

'i'hus  all  cupolas,  which  may  be  exposed  to  direct  fire,  are 
now  constnicted  of  a  curved  saucer  shape,  as^eing  the  best 
a/lar>t«Ml  to  deflect  projectiles,  and  most  of  the  larger  ones  are 
made  of  wrought  iron,  which  gave  good  results  there  on  trial. 

The  armoured  mountings  may  be  divided  into  those  for  gims 
and  howitzers,  those  for  the  smaller  quick-firing  guns,  and  those 
for  rifled  mortaiu 
Cs\\HtU  Uiv  468.  Guns  of  calibres  of  from  3  to  6  inches  are  mounted  in 

«»»»•  a  turi'ct,  tourt'lle,  or  cupola,  as  it  is  variously  termed.    A  turret 

has  vertical  sides ;  a  cupola  is  rounded ;  a  tourelle  is  a  small 
turret.  The  one  shown  in  PI.  XCIII  is  a  saucer-shaped  dome 
of  iron  which  can  be  revolved,  carrying  with  it  the  gun  and 
its  mr)unting.  The  gun  is  in  all  cases  muzzle-pivoting,  that  is 
to  Sttv,  the  muzzle  only  shows  through  the  port  in  the  cupola, 
which  is  iust  large  enough  to  admit  it,  and  elevation  is  given  to 
tlie  gun  by  movement  about  this  point.  This  is  rendered  easy 
by  a  counterweight  balancing  the  weight  of  the  gun.  The 
cupolas  are  of  various  sizes,  from  about  10  to  20  feet  in  diameter, 
according  to  the  size  of  the  ffun  and  the  nature  of  the  internal 
an'angetnents.  The  visible  height  above  the  ground  outside  is 
about  3  feet. 

The  base  of  the  cupola  is  protected  by  a  ring,  within  which 
it  revolves.  This  is  usually  made  of  chilled  cast  iron  and  is 
embedded  in  cement  concrete. 

The  cupola  is  usually  earned  on  an  iron  framework  sup- 
j^orted  on  a  ring  of  rollei*s,  but  sometimes  a  pivot  is  used  instead. 
The  fi'umework  is  covered  with  thin  plating  in  order  to  prevent 
the  poisonous  gases,  resulting  from  the  explosion  of  shells,  from 
penetrating  into  the  cupola  tnrough  the  space  round  its  base. 

Sometimes  there  is  a  hole  for  aiming,  if  not,  the  gun  is  laid 
by  means  of  graduated  elevating  and  traversing  arcs,  according 
to  information  supplied  from  outside. 
Dintippi^iiring  The  smaller  guns  and  howitzers  are  sometimes  mounted  in 

cupoiuii.  «  disappc^ariiig  "  cupolas.    A  disappearing  cupola  is  supported 

and  counterbalanced  in  such  a  way  that,  when  raised,  the  muzzle 
of  the  gun  within  it  just  cleare  the  parapet ;  when  down,  the 
port  is  entirely  concealed  and  the  armoured  root  rests  on  the 
fixed  ring  which  protects  the  base. 
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Some  engineers  have  proposed  to  mount  guns,  for  flanking  Iron  case- 
purposes,  behind  iron  walls,  such  as  have  been  used  for  coast  ^^^^'s- 
batteries.     The  arc  of  view  would  be  limited  to  about  60  degrees. 

469.  The  smaller  quick-firing  guns  are  mounted  in  cupolas  Toorellesfor 
or  tourelles,  which  are  similar  in  general  principles  to  those  foi  ^'  '  ^^'* 
larger  weapons,  but  are  much  smaller,  the  movable   portion 

being  about  6  feet  across. 

They  are  very  genei-ally  made  "  disappearing  "  (see  PI.  XCI V), 
but  this  seems  an  unnecessary  complication,  as  when  up  they 
are  only  about  15  inches  high  above  the  surface  of  the  ground. 
Moreover,  the  necessity  for  having  the  gun  short  enough  to 
disappear,  by  limiting  its  length  limits  the  velocity  and  pene- 
trative power  of  its  projectile.  The  simple  tourelle  for  a  d-pr. 
Q.F.  gun,  or  for  a  gun  of  about  that  power,  seems  very  suitable 
for  introduction  into  the  service  for  various  uses,  which  will 
become  apparent  in  treating  on  the  design  of  works. 

470.  The  "travelling  shield  mounting"  is  another  modifi-  TraveUing 
cation  of  the  idea  of  the  cupola  which  seems  likely  to  come  into  Counting 
general  use  (see  PL  XCV).     This   is  a  cylindrical  iron  box 
roofed  w^ith  a  rotating  cupola  and  armed  with  a  37  cm.  (1  lb.) 

Q.F.  gun.  It  could  also  take  a  machine  gun.  The  box  is  about 
4  feet  3  inches  in  diameter,  and  the  cupola  is  of  wrought  iron 
2  inches  thick.  The  whole  weighs,  without  ammunition, 
1^  tons,  and  by  means  of  a  pair  of  wheels  and  shafts  it  can  be 
moved  about  by  horse-draught.  This  stnicture  is  proof  against 
field  gun  projectiles,  and  forms  an  excellent  means  of  strength- 
ening all  classes  of  works  against  assault  by  giving  efficient 
protection  to  part  of  their  armament  against  man-killing 
projectiles.  In  well-built  permanent  works  they  should  not  be 
necessary,  as  this  function  should  be  fulfilled  by  the  fixed  quick 
firing  gun  cupolas  already  described,  which  can  be  made 
stronger  and  which  carry  a  more  powerful  weapon. 

471.  Finally  it  has  been  proposed  to  armour  mortars.     This  Armoured 
is  done  in  a  very  ingenious  manner,  by  making  the  outside  of  '^^^J^"' 
the  moiiar  spherical  in  form  and  arranging  it  to  work  in  a  hole 

cut  in  the  centre  of  a  horizontal  armour  plate  (see  PI.  XCVI). 
This  hole  is,  of  course,  filled  by  the  spherical  mortar  in  all 
positions.  This  would  only  appear  to  be  desirable  in  moun- 
tainous countries  such  as  Switzerland,  as  elsewhere  it  would 
always  be  possible  to  hide  a  mortar  battery.* 


Section  8.— Tue  Works  of  a  Fortress. 

472.  Having  considered  the  eifect  of  modern  weapons,  the 
general  nature  of  the  defences  suitable  for  utilising  them  on  the 
one  part,  and  for  n^eeting  their  effects  on  the  other,  the  special 
conditions  applying  to  fortresses  in  the  British  Empire,  and 
some  of  the  elements  of  constioiction,  we  are  now  in  a  position 


*  Plate!  XCIII  to  XCVI  were  extracted  hy  permiwion  of  Major  G-.  S. 
Clarke,  B.E.,  from  his  Report  on  "  Experiments  at  Magaeburg,  1891." 
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to  enter  upon  the  design  of  the  various  works  required  to  con- 
stitute a  fortress.  It  will  be  easiest,  first,  to  assume  that  we  are 
dealing  with  an  entirely  new  place  to  be  treated  according  to 
modern  methods,  and  afterwards  to  consider  some  ot  the 
problems  that  arise  in  adapting  an  old  place  to  modem  requii'e-i 
ments. 

Design  of  a  Fortress. 

Design  of  a  473.  In  PL  XCVII  is  given  the  general  plan  of  a  portion 

fortrei»8.  of  a  fortress  designed  according  to  the  methods  laid  down  in 

this  book.     It  is  assumed  that  the  fortress  has  to  cover  an 
important  road  and  railway  junction  which  is  m  rear  of  the 
town.     A  portion  only  of  the  ring  of  works  is  shown  ;  it  is 
assumed  to  be  continued  to  the  right  and  lett  as  indicated  on 
the  plan.     It  may  be  mentioned  that  the  position  is  not  an 
imaginary  one. 
Descriptioa  of        The  position  is  defined  by  two  small  river  valleys  trending 
the  pjsiiion.    generally  from  north-east  to  south-west  and  joining  a  main 
valley  which,  after  making  a  sharp  bend  south  of  the  town,  runs 
off  to  the  south-east     Dp  this  valley  come  the  main  lines  of 
road  and  rail  which  diverge  again  at  or  near  the  town.     The 
hills  are  nearly  level  at  top,  with  steep-sided  valleys  cutting  into 
them.     The  greatest  difference  in  height  is  130  feet. 
VofWi  n  of  The  position  of  the  works  is  determined  by  the  form  of  tho 

the  worka.  river  valley  to  the  north  of  the  position.  The  crossing  points 
are  few,  and  the  water  courses  and  ditches  form  obstacles 
which  can  be  well  commanded  from  the  hills  in  rear  on  which 
the  works  are  placed.  It  may  be  pointed  out  that  it  is  not  at 
all  a  matter  of  course  that  a  position  should  be  taken  up  in  rear 
of  a  valley.  For  instance,  the  forts  defending  the  south-west 
of  Paris  are  placed  in  front  of  the  River  Bievre,  in  the  valley  of 
which  the  supporting  troops  will  be  able  to  move  and  encamp 
imseen  by  the  enemy.  In  our  example,  however,  the  ground 
to  the  north  of  the  stream  is  not  well  suited  for  defence. 

The  choice  of  this  position  makes  the  radius  of  the  fortress 
less  than  what  was  laid  down  as  desirable  in  para  372,  but  the 
the  town  and  railways  are  so  well  covered  by  the  form  of  the 
ground  that  this  does  not  signify.  It  heis  the  advantage  of 
reducing  the  length  of  line  to  be  defended. 
The  forta.  474.  The    forts,  numbered   1,   2,   3,   &c.,   occupy  various 

positions  dominating  the  roads  and  the  open  country  to  the 
north-east  over  which  troops  could  advance.  None  of  them, 
except  the  left  flank  of  No.  2,  and  the  right  flank  of  No.  3,  need 
contain  heavier  guns  than  6-pr.  quick-firing,  as  they  are  at 
short  intervals,  and  there  are  good  positions  for  guns  between 
them, 
a  he  butteiiefl.         Of  the  intermediate  batteries  {see  paras.  379,  880),  those  for 

guns  for  direct  fire  would,  on  the  north  face,  occupy  points  on 
the  crest  of  the  ridge  from  which  the  roads  and  bridges  would 
be  commanded  and  the  valley  swept  up  and  down.  On  the 
north-east  face  the  guns  are  pushed  out  somewhat  to  the  front 
of  the  line  of  forts  to  get  a  good  field  of  view. 


Plate  jrcni. 
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The  howitzer  batteries  are  disposed  in  the  heads  of  the 
valleys  running  southward,  where  they  will  all  be  perfectly 
concealed.  There  are  not  many  of  them  on  the  north  face,  as 
this  from  its  position  is  naturally  strong,  but  they  are  more 
numerous  on  the  north-east  face,  both  because  this  is  the  most 
open  to  attack,  and  in  order  to  search  out  the  deep  valley  run- 
nmg  northward  in  front  of  fort  No.  2,  which  is  only  imperfectly 
seen  from  near  fort  No.  1. 

The  existing  roads  are  supplemented  by  others  arranged  to  The  roads, 
run  along  the  rear  of  the  position  and  to  communicate  with  the 
forts  and  batteries  (para.  386). 

A  Une.of  rail  is  also  shown  leaving  the  existing  Une  between 
forts  Nos.  1  and  2,  and  running  towards  fort  No.  3.  Here  would 
be  a  reversing  station  taking  a  branch  back  to  fort  No.  2,  which 
would  serve,  the  intermediate  batteries.  It  might  be  prolonged 
to  fort  No.  5,  but  it  would  be  hardly  worth  while  taking  it  any 
further,  as  the  northern  face  is  strong  enough  without  it.  It  is, 
however,  shown  carried  on  to  fort  No.  6. 

The  shooting  lines  for  infantry  would  on  the  north  face  be  The  infantry 
run  along  the  crest  of  the  hill  between  the  batteries.     Pickets  ^^' 
would  also  be  pushed  out  to  the  river,  particularly  at  the  cross- 
ings.    It  is  not  possible  to  show  all  these  hues  and  posts  on  the 
map. 

On  the  north-east  face  it  would  be  both  desirable  and  possible 
to  hold  a  line  about  half  a  mile  in  advance  of  the  forts  running 
along  the  edge  of  the  ravine  in  front  of  fort  No.  2  and  across  to 
the  wood  in  front  of  No.  3*  This  line  should  be  prepared  with 
abatis  and  entanglements  as  obstacles  against  an  assault,  and 
the  batteries  on  this  face  should  be  protected  in  the  same 
manner.  On  the  north  face  it  will  be  sufficient  to  place  abatis 
in  frofit  of  the  salients.  • 

Clearances  should  be  carried  out  in  front  of  the  infantry  line  clearances, 
on  the  north-east  face  and  on  the  north  side  of  the  river  on  the 
other.      The  timber  and  brushwood  should  be  removed  and 
utilised,  or  burnt,  otherwise  the  enemy  will  have  it. 

Between  the  infantry  line  and  the  forts  on  the  north-east  face 
the  cleariiig  must  be  very  cautiously  managed,  so  as  not  to 
expose  one's  own  men  while  at  the  same  time  not  leaving  much 
cover  for  the  enemy  if  he  carries  the  front  line.  What  should 
be  done  in  this  particular  case  can  only  be  settled  on  the 
ground,  and  can  only  be  shown  on  a  largenscale  plan.  It  must 
be  sufficient  here  to  point  out  what  has  to  be  considered  in 
deciding  on  it. 

Observing  stations  for  directing  the  artillery  fire  may  be  Obserring 
established  in  the  forts,  which  are  well  situated  for  this  purpose,  stations. 
It  will  also  be  necessary  to  place  some  in  or  near  the  infantry 
line  in  front  of  the  north-east  face. 

475.  It  will  be  noticed  that  there  is  no  enceinte  or  inner  line  No  encrirto 
of  works  covering  the  town  as  part  of  this  fortress.  Fifty  years  provided, 
ago  the  construction  of  such  an  enceinte  would  have  been 
almost  a  matter  of  course ;  100  years  ago  there  would  have  been 
an  enceinte  and  no  detached  works.  The  mowing  importan<'e 
and  the  growing  sti*ength  of  the  advanced  line  has  brought 
about  this  change. 
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Reasons  for 
omission  of 
enceinte. 


Where  an 
enceinte  is 
desirable. 


Fort9. 


Description' 
oi  infantrj 
reaoubt. 


Description. 


It  has  now  become  essential  to  move  further  to  the  front 
than  formerly  in  order  to  cover  the  nucleus  efficiently;  it  is 
essential  to  stay  there,  as  no  long  defence  could  be  made  if 
crowded  back  on  the  town.  Improved  weapons,  and  adequate 
space  for  using  them,  have  made  the  defence  so  powerful  at 
the  present  time  that  even  a  regular  siege  may  be  resisted  for 
an  indefinite  time. 

We,  who  are  not  preparing  against  that  form  of  attack,  can 
be  all  the  more  satisfied  with  a  single  line. 

It  may  be  found  desiiuble  in  some  places  to  sm*round  the 
nucleus  of  a  place  with  some  slight  defences  to  prevent  it  being 
carried  by  a  rush,  if  it  is  in  some  peculiar  way  exposed  to  such 
a  form  of  attack.  A  wall,  or  fiela-works  with  obstacles  could 
be  employed,  or  special  points  might  even  be  occupied  by  per- 
manent works  of  the  nature  of  forts^  to  be  connecte4  by  slighter 
lines  when  required. 

Section  9. — ^Forts. 

476.  The  forts  are  the  works  which  hold  the  positions  of 
tactical  importance,  and  on  the  retention  of  which  depends  the 
security  of  the  place. 

It  will  be  best  to  begin  by  describing  a  work  which  has 
been  actually  built,*  and  then  to  consider  how  it  would  be 
desirable  to  modify  it  to  meet  changes  in  the  conditions  under 
which  such  works  might  have  to  be  used. 

477.  The  work  in  question  is  a  semi-permanent  infantry 
redoubt  A  section  is  given  in  PI.  C,  Fig.  2.  Its  plan  is 
similar  to  that  of  the  work  shown  in  PI.  XCVIII.  It  derives 
its  importance  from  the  fact  that  it  is  the  first  of  our  land 
works  with  a  continuous'  slope  to  its  parapet,  and  it  has 
consequently  served  as  a  basis  on  which  later  designs  have 
been  formed.  As  may  be  seen  from  its  title,  it  was  designed 
with  a  view  to  obtaining  a  type  that  could  be  rapidly  con- 
structed in  case  of  need,  and,  therefore,  does  not  possess  the 
strength  that  might  be  given  to  a  permanent  work.  It  should 
be  added  though  that  it  is  strong  enough  for  the  place  it  has  to 
occupy. 

A  description  of  it  is  extracted  from  that  given  in  the  Pro- 
fessional Papers  of  the  Royal  Engineers. 

In  the  design  of  this  work  "the  conditions  to  be  fulfilled 
were  considered  to  be : — 

"  (a)  The  greatest  possible  development  of  musketry  (includ- 
ing machine  guns)  fire  from  the  redoubts,  combined 
with  the  best  possible  obstacle  to  assault,  efficient 
cover  for  the  defenders,  and  the  minimum  exposure 
of  the  work  to  distant  view  and  fire. 

"  (b)  The  maximum  amount  of  protection  for  the  batteries 
outside,  both  by  musketry  fire  from  the  redoubts 
and  by  the  provision  of  an  obstacle  sufficient  to  pro- 
tect them  from  assault. 


*  Being  an  actual  work  it  would  not  hare  been  described  bere  Lai  axsounts  of 
it  not  be?n  published  alreadj. 
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*•  The  fulfilment  of  conditiou  (a)  was  sought  for  by — 

"  (1)  Tracing  the  redoubt  in  the  form  of  a  long  and  naiTOW 
oblong,  with  the  corners  rounded  off;  the  length,  in 
any  particular  case,  to  be  adapted  to  the  proposed 
garrison ;  the  whole  ot  the  parapets,  unencumbered 
with  guns,  being  available  for  musketry  fire;  the 
width  BO  designed  as  to  afford,  in  plan,  as  small  a 
mark  as  possible  to  the  enemy's  lire,  while  allowing 
sufficient  space  for  the  bombproofs  required  to  shelter 
the  garrison.  The  section  given  in  me  PL  shows 
the  least  depth  that  is  considered  suitable.  The 
cover  for  the  garrison,  constructed  a«  shown  beneath 
the  parados,  is  primarily  intended  for  the  shelter  of 
the  men  in  action,  but  it  also  affords  cover  from  the 
inclemency  of  the  weather.  In  winter  the  casemates 
may  be  temporarily  closed  in  rear  with  any  materials 
which  are  available,  and  stoves  might  be  added  ; 
but  no  attempt  has  been  made  to  provide  permanent 
ban*acks  fitted  with  all  the  comforts  of  civilization. 
The  troops  would,  as  a  rule,  live  in  tents,  or  other- 
wise, outside  the  work,  in  rear,  and  the  work  need 
only  be  fully  manned  when  attack  was  anticipated ; 
and  as  for  such  a  position  an  outer  reserve  woidd 
be  indispensable,  this  arrangement  woiQd  present 
no  difficulty. 

"  (2)  The  profile  is  arranged  so  as  to  get  rid  of  all  dead 
spaces  in  the  ditch,  and  to  biing  the  material 
obstacle  to  assault  under  direct  fire  from  the  parapet, 
while  effectually  coveiing  it  from  the  enemy's 
artillery  fire.  The  section  will  show  that  this  is 
done  by  prolonging  the  superior  slope  of  one-sixth 
to  the  front  (in  the  form  of  a  glacis^,  until  it  reaches 
a  depth  of  about  ten  feet  below  the  natural  level  of 
the  ground,  and  by  placing  in  the  ditch  thus  formed  an 
iron  palisade,  leaving  the  counterscarp  at  the  natural 
slope  of  the  earth,  and  constructing  a  small  glacis  to 
increase  the  cover  for  the  palisade.  Inside  the  work 
there  is  good  shelter  behind  the  front  parapet.  The 
parados,  which  is  of  the  same  height  as  the  crest 
and  has  a  gentle  slope  in  front,  affords  cover  to  the 
bombproofs,  which  are  protected  against  high-angle 
fire,  with  iron  rails,  two  feet  of  concrete  and  about 
five  feet  of  earth ;  the  rear  parapet  is  kept  as  low 
as  is  consistent  with  its  obtaimng  a  view  of  the 
gi'ound  in  rear,  in  order  to  make  the  most  of  the 
protection  afforded  by  the  parados. 

"  The  command  of  the  whole  work  is  reduced  to 
the  minimum,  consistent  with  the  deteno(>  of  the 
gi-ound  in  fi-ont  by  musketry  fire,  with  the  object  of 
rendering  it  as  inconspicuous  as  possible."* 

•  **  Semi-Permanent  Infantry  Bedoubte,"  bj  Major  a.  B.  Walker,  B.E.  (Pro- 
feaiional  Papers  of  the  Corps  of  Bojal  Engineers,  1885). 
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478.  The  advantages  claimed  for  this  work,  besides  cheap- 
ness and  rapidity  of  construction,  are  :  security  from  distant  fire 
owing  to  its  inconspicuousness,  and  to  the  fiatness  of  the 
exposed  slopes,  which  are  so  diflBcult  to  injure  by  artillery  fire ; 
smtability  for  the  development  of  rifle  fire  owing  to  its  plan 
and  to  the  allotment  of  the  whole  parapet  to  this  purpose ;  and 
security  from  assault,  due  to  this  and  to  the  iron  palisade,  com- 
bined with  obstacles  to  be  placed  on  the  glaci& 

The  main  objection  to  the  work,  if  it  were  to  be  produced 
elsewhere,  would  be  the  want  of  sufficient  protection  to  the 
men  in  it  against  artillery  projectiles,  and  the  consequent 
uncertainty  of  their  being  able  to  man  the  parapet  in  time,  in 
case  of  an  assault  covered  by  a  heavy  fire.  There  is  un- 
doubtedly the  difficulty  of  seeing  the  work  clearly,  and  there- 
fore of  laying  on  it,  which  is  a  great  assistance,  but  one  that 
would  diminish  as  the  enemy  got  acquainted  with  the  ground,and 
knew  the  ranges.  A  man  standing  at  the  foot  of  the  slope  of  the 
banquette  gets  no  protection  from  the  parapet  against  howitzer 
projectiles,  and  is  not  even  safe  against  field  gun  shrapnel  at 
ranges  under  3,000  yards.  A  good  deal  of  additional  security 
might  be  got  if  the  foot  of  the  slope  were  brought  closer  to 
the  crest  line  by  revetting  the  interior  slope  of  the  parapet  and 
providing  steps  to  the  banquette  on  which  the  men  might  sit. 
This  could  easily  be  done  in  time  of  need. 

At  present  the  safest  place  is  of  course  in  the  casemates, 
but  these  are  not  very  strong ;  and  having  no  partitions,  a  shell 
penetrating  anywhere  might  clear  out  the  whole  of  them.  The 
access  from  them  to  the  front  parapet  is  round  the  ends  of  the 

5arados  only ;  there  is  no  covered  passage  as  in  PI.  XCVIII. 
*hese  routes  are  exposed  and  hardly  sufficient  to  ensure  the 
garrison  being  out  in  time  to  resist  an  assault  It  would  often 
be  better  in  a  permanent  work  to  have  the  casemates  under 
the  front  parapet  with  several  flights  of  steps  leading  up  from 
them.  An  alternative  would  be  to  have  a  gallery  running  to 
the  front  from  the  casemates  under  the  parados. 

The  ganison  when  firing  have  the  protection  of  the  parapet, 
but  this  would  not  be  sufficient  if  a  work  of  this  type  were 
placed  in  an  advanced  position,  where  it  would  be  subjected 
to  a  heavy  converging  fire  in  the  case  of  an  assault.  In  such 
a  position  it  would  be  necessary  to  provide  head  cover  for  the 
men  {see  Chap.  I,  para.  465^,  and  to  grow  a  hedge  along 
the  crest,  even  at  a  sacrifice  of  invisibility. 

In  important  positions  even  this  would  not  be  enough.  A 
certain  proportion  of  the  fire  would  have  to  be  directly  pro- 
tected even  from  artillery,  and  tourelles  for  machine  guns, 
either  travelling  or  fixed,  should  be  provided. 

479.  PI.  XCVIII  shows  a  design  for  a  strengthened  work 
of  the  same  size.  Increased  thickness  is  given  to  the  casemate 
roofs,  which  are  now  proof  against  the  8-inch  R.M.L.  howitzer. 
The  front  parapet  is  arranged  so  as  to  give  shelter  to  men 
standing  in  rear  of  it  against  field-gun  shrapnel  at  ranges 
vnder  3,000  yards. 

In  addition  to  the  ways  round  the  ends  of  the  parados,  a 
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covered  coramiinioation  is  provided,  leading  from  the  casemates 
to  close  in  rear  of  the  front  parapet,  so  as  to  ensure  the  possi- 
bility of  the  defenders  getting  to  their  posts  in  time  to  resist  - '    ~ 
an  assault. 

Two  tourelles  for  quick-firing  guns  are  placed  on  the  front  Tourelles. 
parapet  in  order  to  have  a  certain  amount  of  fire  from  positions 
secure  against  shrapnel  and  rifled  bullets,  which  may  thus  be 
counted  upon  under  almost  aU  circumstances  of  attack. 

Both  of  these  tourelles  can  fire  to  the  front,  and  one  to  each 
flank.  The  fire  to  the  flank  is  also  intensified  by  a  machine 
gun  placed  close  under  the  protection  of  the  traverse,  where  a 
recess  is  provided  for  its  ammunition. 

A  hedge  should  be  planted  along  the  crest  and  also  along 
the  parados,  to  form  a  background. 

480.  Cases  will  often  occur  in  which  a  fort  will  be  required  Dewgn  for  a 
to  be  stronger  against  attack,  and  more  powerful  with  its  fire,  ^^^' 
than  that  just  described. 

Such  a  work  is  shown  in  PI.  XCIX. 

In  its  general  features  it  is  similar  to  the  other,  having  a  General 
sloping  parapet  and  a  parados  with   casemates  under  it,  but  <*««<^"P*^*^^- 
additional   shell-proof  accommodation  is  provided  under   the 
fi'ont  faces. 

There  are  five  tourelles  for  quick-firing  guns  instead  of  two ; 
and  two  protected  observing  stations.  Emplacements  for  guns 
on  travelling  carriages  are  shown  on  one  flank ;  and  there  is 
a  covered  wajr. 

In  designmg  this  fort  it  is  assumed  that  it  forms  one  of  Site  and 
several  which  surround  a  town,  and  that  the  adjacent  forts  on  ■urroundmgs. 
either  side  of  it  are  about  2,500  yards  oflF  and  somewhat  retired, 
so  that  the  flanks  of  this  fort  would  conveniently  fire  on  the 
ground  just  in  front  of  them.  It  is  further  assumed  that  on 
the  left  of  the  fort,  but  beyond  eifective  rifle  range,  there  is 
some  ground  which  favours  the  enemy's  advance,  and  on  which 
it  is  desirable  to  be  able  to  bring  fire  to  bear  at  veiy  short 
notice. 

481.  The  five  tourelles  for  6-pr.  Quick-Firing  guns  are  so  Tourellea. 
arranged  that  all  can  fire  to  the  front,  and  three  to  either  flank. 

As  they  require  siege  artillery  to  silence  them  they  will  ensure 
some  fire  being  brought  to  bear  against  any  attack  on  the  fort 
or  on  the  adjacent  intervals,  and  will  render  it  impossible  to 
neglect  this  work  or  to  pass  it  by. 

The  tourelles  are  set  in  blocks  of  cement  concrete  about 
24  feet  across,  which  are  hollowed  out  into  ammunition  stores 
below.  The  cartridges  are  passed  up  into  the  tourelle  by  means 
of  a  lift.     Ses  Plan  of  Masonry  and  Sec.  A.B. 

Details  of  these  structures  are  not  given.  Experiments  are 
required  to  test  the  arrangements  which  may  be  thought  suitable 
for  the  service.  It  may  be  found  possible  to  mount  heavier 
guns  than  6-prs.  in  them,  say  12-prs.,  T^dthout  increasing  their 
size,  which  would  be  very  advantageous. 

Two  well-traversed  gun  emplacements  for  field  guns  are  Field  gun 
provided  on  the  left  flank,  in  order  that  additional  fire  jdb^j  be  ^jj^"®* 
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brought  to  bear  on  the  special  piece  of  ground  in  that  direction 
as  before  mentioned. 

The  banquette  is  everywhere  suifablo  both.for  men  and  for 
machine  guns  on  parapet  mountings.  It  is  thought  that  the 
gorge  will  be  sufficiently  protected  in  this  way  without  the 
provision  of  tourelles  in  that  position. 

Very  secure  places  for  machine  guns  have  been  found  close 
against  the  traverses  on  the  flanks.   See  Tup  Plan  and  Sec.  G.H. 

Twelve  R.C.  machine  guns  should  be  allotted  to  this  fort. 

The  top  of  the  parados  has  been  organised  for  rifle  fire'; 
it  might  be  useful  at  long  ranges. 

Armoured  observing  stations,  similar  in  construction  to  the 
tourelles,  have  been  organised  on  eachr  flank  of  the  parados,  with 
accommodation  for  telephonists  below  (Sec.  IK.)  They  should 
be  in  telephonic  communication  with  such  intermediate  batteries 
as  fire  on  the  ground  seen  from  them.  In  addition,  such  other 
means  of  transmitting  orders  and  information  should  be  pro- 
vided as  may  be  found  desirable. 

The  casemates  are  arranged  in  three  blocks — one  under  the 
parados,  which  contains  larger  rooms  than  the  rest ;  one  in  front 
of  the  parados,  protected  to  a  considerable  extent  by  the  front 
parapet,  and  containing  the  cook-houses  aud  other  accessory 
buildings ;  and  one  under  the  front  parapet.  The  ends  of  the 
latter  block  are  entirely  covered  in,  and  are  intended  for 
stores. 

482.  In  designing  the  dwelling  accommodation  of  a  fort, 
thought  has  to  be  taken  for  each  of  the  four  sizes  of  garrison 
that  may  occupy  it  under  different  circumstances. 

The  first  garrison  consists  of  the  few  men  that  are  necessary 
in  time  of  peace  to  look  after  the  fort,  and  to  take  care  of  the 
guns  and  machinery.  Tliese  men  must  have  the  accommoda- 
tion usual  in  barracks,  and  their  quarters  should  be  light  and 
airy.  They  could  live  in  some  of  the  parados  casemates,  which 
should  be  provided  with  fire-places  and  glazed  fronts  for  this 
purpose. 

The  second  garrison  is  that  required  in  war  time,  when 
there  is  a  possibility  of  the  fort  being  attacked,  but  when  no 
serious  attempt  is  likely.  The  fort  if  assaulted  would  be 
uninjured,  ana  all  the  defences  in  good  order,  but  the  garrison 
should  be  able  to  open  a  powerful  fire  at  a  short  notice.  In 
this  case  100  men  would  be  sufficient  to  man  all  the  quick- 
firing  guns  and  machine  guns,  and  to  provide  guards  for  the 
entrance,  orderlies,  &c.  This  may  be  considered  the  normal 
garrison.  They  should  be  able  to  live  healthily  and  should  not 
be  crowded,  but  need  not  expect  the  comfoi'ts  of  peace  time. 

The  third  garrison  is  that  necessary  to  man  the  fort  strongly 
in  case  of  an  expected  attack.  About  220  men  would  be 
required  in  this  case.  These  men  should  be  provided  with 
shellproof  cover,  but  must  expect  to  pack  close.  Besides 
accessory  buildings,  some  casemates  must  be  set  aside  for  officers 
and  for  a  hospital  for  the  first  treatment  of  the  wounded. 
Allowing  here  four  casemates  for  the  latter  purposes,  the  men 
can  be  accommodated  in  the  remainder.     The  space  necessary 
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to  take  the  second  garrison  comfortably  must  also  be  sufficient 
to  take  the  thkcl  with  some  crowding. 

The  fourth  garrison  is  that  which  would  be  required  to 
man  every  gun  and  every  yard  of  parapet,  in  this  caee  about 
400  men.  It  could  only  be  required  at  the  moment  of  an 
assault,  and  it  would  be  doubtful  poUcy  to  employ  it  even  then. 
It  need  not  be  considered  in  arranging  the  casemates,  as  the 
extra  men  must  be  taken  from  the  field  force  for  the  occasion. 
1^  483.  The  communications  in  the  fort  are  as  follows :  there  is  Conmiuni- 

a  passage  behind  each  block  of  dwelling  casemates,  and  two  <»*^ion»- 
covered  galleries  lead  from  the  parados  to  the  front.  These 
gallericH  are  made  entirely  in  concrete  so  as  to  economise 
space.  They  would  not  gain  in  strength  by  being  covered 
with  earth,  tbough'they  would  be  somewhat  less  likely  to  give 
off  splinters.  This  inconvenience  must  be  accepted  for  the 
sake  of  the  additional  room.  At  the  ends  of  these  galleries 
there  are  stairs  which  lead  up  to  the  front  terreplein.  The 
stairs  have  a  shell-proof  roof,  and  this  roof  is  made  of  3-inch 
armour  plate  in  order  not  to  interrupt  the  infantry  banquette. 
&«  Sees.  NO,  PQ,  RS- 

There  are  also  ramps  in  the  open  air  which  would  be  used 
if  possible. 

Ramps  only  are  provided  on  the  flanks,  since  the  traveraes 
give  good  cover  to  them.  Small  passages  are  made  through 
the  main  flank  traverses.  They  are  not  secure,  but  it  is 
thought  that  the  convenience  will  outweigh  the  nsk. 

The  entrance  into  the  fort  is  a  simple  cut  through  the  Entrance, 
parapet   closed   with   a   gate.     Outside  it,   the   covered  way 
expands  into  a  place  of  arms  which  is  convenient  for  assembhng 
troops. 

A  covered  way  surrounds  the  whole  fort,  formed  by  the  Covered  way. 
ditch  and  the  reverse  slope  of  the  glacis.    It  is  arranged  to 
suit  the  ground. 

Its  chief  function  would  be  that  of  a  patrol-path.  It  might 
also  be  used  for  long-range  rifle  fire,  and  in  some  circumstances 
as  a  position  for  guns,  when  it  would  have  to  be  widened  in 
places  and  platforms  would  have  to  be  laid. 

484.  The  fort  is  surrounded  with  an  angle  iron  fence  at  Obetade. 
the  foot  of  the  exterior  slope.   This  would  be  permanently  there. 

In  time  of  war  two  bands  of  wire  entanglement  should 
also  be  put  in  position ;  one  on  the  glacis,  the  other  on  the 
slope  inside  the  fence. 

The  wire  for  this  should  always  be  stored  in  readiness^  and 
the  jiickets  should  be  easily  obtainable. 

In  places  which  mi^ht  be  attacked  at  the  outbreak  of  war, 
the  entanglement  should  always  be  set  up  permanently  as  well 
as  the  fence.  It  is  an  essential  part  of  the  obstacle,  and  there 
should  be  no  doubt  of  its  being  ready  in  time. 

The  rear  portion  of  the  fence  is  exposed  to  injury  from 
reverse  fire,  but,  on  the  other  hand,  the  entanglement  is  best 
protected  at  this  part.  On  level  ground,  where  any  desired 
shape  can  be  given  to  the  covered  way,  it  is  possible  to  protect 
the  fence  to  a  certain  extent  by  means  of  tmverses  projecting 
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either  from  the  parapet  or  from  the  glacis.  The  traverses  on 
the  right  flank  of  this  work  serve  this  purpose  as  well  as  that 
of  accommodating  the  covered  way  to  tne  ground. 

485.  The  possible  modifications  of  this  foi-t  rendered 
necessary  by  variety  of  situation  are»  endless ;  but  some  idea 
may  be  given  of  their  probable  nature. 

When  a  fort  has  to  be  built  on  rocky  ground  where  revets 
ments  will  not  be  necessary,  a  ditch  wim  vertical  sides  should 
be  cut  to  form  an  obstacle.  The  section,  as  thus  modified,  is 
shown  in  PI.  C,  Fig.  1.  The  interior  of  the  fort  would 
remain  unchanged.  The  ditch  might  be  polygonal,  and  wholly 
or  partly  flanked.  A  partial  flanking  from  one  salient  with  a 
very  small  caponier  would  usually  be  sufficient ;  thus  keeping 
a  certain  watch  over  the  ditch  with  a  verj*^  few  men.  A 
regular  siege  is  not  contemplated,  and  the  enemy  could  not  do 
any  harm  within  a  short  time  to  a  rock-cut  ditch,  even  if  they 
entered  it.  At  the  entrance  a  bridge  would  be  necessary.  It 
would  probably  be  best  to  give  a  bastioned  form  to  the  gorge 
as  in  the  German  work,  shown  in  PI.  CXLV,  and  it  might 
be  convenient  to  place  casemates  along  it. 

Another  variation  is  to  have  a  ditch  with  the  only  counter- 
scarp revetted,  and  with  an  earthern  slope  for  the  escarp. 
This  forms  a  powerful  obstacle,  and  one  that,  if  on  a  fairly 
sti'aight  face,  is  difficult  to  injure,  since  in  that  case  the 
counterscarp  cannot  be  struck  by  projectiles  fired  down  a 
length  of  the  ditch. 

In  the  case  of  a  work  on  a  steep  hill,  it  will  be  necessary  to 
adopt  one  of  the  following  expedients. 

The  first  is  to  organise  the  covered  way  so  as  to  see  the 
near  ground  from  it;  the  cover  in  rear  should  be  improved, 
shelter  casemates  built  for  the  guards,  and  obstacles  extended 
to  the  front. 

The  other  is  to  bring  the  crest  of  the  glacis  closer  in,  or  to 
lower  it  so  as,  in  one  way  or  the  other,  to  be  able  to  look  down 
it  at  an  increased  angle. 

This  result  may  be  obtained  either  by  increasing  the  slope 
of  the  parapet,  or  by  cutting  a  steep-sided  or  revetted  ditch. 

486.  The  work  may  be  varied  in  form,  independently  of 
its  section,  by  being  made  either  longer  or  shorter,  deeper  or 
shallower,  or  with  its  fianks  differently  inclined  to  the  front 
faces. 

A  change  of  length  does  not  make  much  difference.  It 
would  chiefly  affect  the  casemate  accommodation. 

If  the  work  is  made  deeper  it  will  be  even  easier  to  hit  with 
howitzer  shell  than  it  is  now.  It  would  be  best  to  throw  all 
the  additional  space  into  the  parados — to  make  it  a  blank  in 
fact,  as  far  as  buildings  are  concerned,  so  that  projectiles 
striking  it  could  do  no  harm.  Additional  casemates  can,  how- 
ever, find  room  here  if  it  be  necessary  to  have  them;  they 
must  be  well  protected  against  "  bursts  back." 

Deepening  the  works  also  means  lengthening  the  flanks. 
This  increases  their  liability  to  enfilade,  and  may  necessitate 
more  traverses. 
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Ab  the  reason  for  lengthening  the  flanks  would  probably  be 
the  desirability  of  getting  more  fire  from  them,  this  may  also 
be  intensified  by  additional  tourelles.      It  is  often  better  to 
provide  for  any  increase  of  fire  to  a  flank  by  an  additional 
work  facing  in  the  required  direction. 

If  the  fort  were  much  shallower,  as  it  might  be  if  the  inter-  Shallower 
vals  happened  to  be  strong,  and  flanking  fire  not  so  necessary,  '®''- 
then  the  parados  casemates  might  form  the  gorge,  the  gorge 
parapet  shown  in  PI.  XCIX  being  omitted ;  or,  as  an  alternative, 
the  parados  with  its  casemates  might  be  given  up  and  a  simple 
gorge  parapet  built.     The  first  arrangement  is  the  best. 

If  the  flanks  are  thrown  forward  they  must  be  treated  more  Flanks 
like  the  front  faces.     The  traverses  especially  must  be  made  i^'^^", 

1  .  r  J  forward. 

less  conspicuous. 

If  they  are  thrown  back  they  become  increasingly  liable  to  Flanks 
reverse  fire,  and  it  woidd  probably  be  necessary  to  nave  a  con-  ^^"^'"^  ^^^* 
tinuous  earthen  parados  behind  them. 

It  is  a  very  undesirable  form  to  adopt,  as  the  protection 
necessary  in  rear  adds  to  the  risk  fi-om  projectiles  coming 
against  them  from  their  front. 

It  could  only  be  necessary  with  a  fort  in  ^  very  salient  or 
entirely  isolated  position,  where  direct  fire  would  be  necessary 
over  a  large  arc.  Instead  of  making  a  single  work  it  would 
be  better  to  divide  the  defence  between  seveml,  taking  advan- 
tage of  the  ground  to  shelter  each  from  reverse  fire;  The 
central  reduit  of  the  group  should  be  in  a  retired  position,  not 
taking  any  part  in  the  distant  combat,  and  well  provided  with 
tourelles. 

487.  It  will  sometimes  be  necessary  to  intensify  the  fire  by  Additionni 
providing  a  double  tier.  This  is,  indeed,  partly  provided  for  *^®'  °^  ^^* 
m  the  fort  in  PL  XCIX.     Section  3,  in  PL  C,  shows  another 

way  in  which  it  can  be  arranged  in  a  large  work.  The  superior 
slope  is  at  such  an  inclination  that  bullets  fired  along  it  will 
clear  the  heads  of  the  men  below. 

This  section  also  shows  OT>linter-proof  ca^semates  in  the  ditch.  Modiflcation 
This  is  an  advisable  fonn  of  construction  when  it  is  necessary  <>^^^^- 
to  hold  the  covered  way  strongly,  as  it  provides  for  the  shelter 
of  the  guard  close  bv. 

This  section  can  oe  modified  by  the  use  of  a  rock-cut  ditch, 
when  the  casemates  would  usually  be  omitted. 

488.  Section  4,  PL  C,  is  that  of  a  small    work  actually  Section  of  an 
executed.     As  the  soil  is  very  stiff  it  has  been  possible  to  have  *2i"*k 

a  vertical  counterscarp  without  revetment.  The  interior  line  ^'^  * 
of  parapet  acts  to  a  certain  extent  as  a  reduit  to  the  front  one. 
The  brick  gorge  wall  is  well  covered  from  the  front.  It  may 
be  noted  that  the  inner  work  acts  as  a  parados  to  the  front 
parapet  in  case  of  an  attack  on  the  gorge,  which,  however,  in 
this  case  is  very  unlikely  to  happen. 

Section  5  illustrates  another  work  of  the  same  class,  though 
rather  larger,  in  a  different  locality.  In  this  case  the  earth  will 
not  stand  vertically,  and  consequently  a  sloping  counterscarp 
in  employed.  The  ditch  is  a  deep  one,  and  gives  good  cover  to 
the  railing  in  it. .         -  -  .;..../ 
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The  low  breast- wall  of  the  parapet  is  provided  with  numerous 
small  niches,  in  which  ammunition  can  be  kept  handy  ibr  use 
while  firing  is  going  on. 


Section  10.— Defilade. 


Freliminary 
irork. 


Definition  of  489.  Defilade,  as  defined  in  para.    132,   Chap.  II,  is  the 

defilade.  adjustment  of  the  levels  of  the  crest  and  interior  portions  of  a 

work  in  order  to  obtain  cover  for  the  defenders  and  to  screen 
them  from  view. 

It  has  also  been  pointed  out  that  while  protection  from 
view  is  possible  and  desirable,  protection  from  projectiles 
cannot  be  secured  by  defilade,  as  the  term  is  usually  understood, 
except  at  short  ranges. 

A  fort  could,  of  course,  be  defiladed  in  the  same  way  as  a 
fieldwork,  but  this  would  rarely  be  convenient,  as  a  permanent 
work  is  drawn  out  on  paper  before  applying  it  to  the  ground. 

We  will  assume,  therefore,  that  a  fort  has  been  sketched 
out,  and  its  dimensions  and  the  height  of  the  parapet  approxi- 
mately determined  with  reference  to  the  ground  in  the  neigh- 
bourhood; also  that  a  contom-ed  map  of  the  sun'oundiug 
country  is  available. 

The  map  must  be  searched  carefully  for  commanding  points 
within  range.  If  you  are  acquainted  with  the  ground  you  will 
know  in  what  direction  to  look  for  them.  If  not,  they  must  be 
discovered  by  running  trial  sections  in  likely  directions. 

If,  as  is  sometimes  the  case,  the  contoured  map  is  not 
extensive  enough  to  take  in  all  the  points  to  be  considered,  a 
set  of  bearings  and  angles  of  elevation  must  be  taken  to  them 
from  the  site  of  the  work. 

The  further  steps  to  be  taken  are  best  illustrated  by 
example. 
Defilade  from  490.  Supposing  that  a  work  of  the  form  ABCD,  Fig.  1, 
•  •ingle point,  pj  Qj^  ^g  ^^  jj^  defiladed  from  a  single  commanding  point  in 
the  direction  of  E.  Let  us  assume  that  E  is  2,000  yards  off*, 
100  feet  above  the  parapet,  which  is  at  about  level  100.  Draw 
the  line  BE  and  graduate  the  nearer  part  of  it  to  show  its 

inclination,  which  in  this  case  is  - 


=  — .    Then,  in  order 
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Gtiol« 


to  conceal  men  behind  the  pai*apet  from  E,  the  crest  of  the 
work  must  lie  in  a  plane  cutting  this  line  at  B  and  falUng  below 
it,  so  that  the  line  of  sight  may  go  over  their  heads.  Prac- 
tically it  is  most  convenient  to  work  with  the  plane  of  defilade 
itself,  which  is  one  passing  through  BE,  and  not  to  work  with 
the  plane  of  the  crest.  When  the  plane  of  defilade  is  deter- 
mined the  crest  can  be  fixed  at  convenient  distances  below  it. 

Now,  in  the  example  we  are  dealing  with,  the  plane  of 
defilade  has  not  been  completely  determined,  since  we  have 
only  fixed  one  line  in  it,  namely,  BE.  We  may,  therefore,  make 
an  assumption  :  say  that  it  is  convenient  to  have  the  crest  BC 
horizontal.   Then  BC  becomes  a  contour  in  the  plane  of  defilade. 
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Draw  other  contours  parallel  to  It  at  1  foot  vertical  intervals 
Then  we  see  that  the  plane  of  defilade  has  dropped  2  feet 
6  inches  towards  A  and  D,  and  that  the  crest  at  these  points 
must,  therefore,  be  made  more  than  2  feet  I)  inches  lower  than 
BC  in  order  to  be  covered  from  view. 

If  we  assume  that  instead  of  BC  it  is  desirable  to  make  AB  Case  2. 
horizontal,  then  the  contours  take  a  different  position  as  shown 
in  dotted  lines.     Then  C  must  be  more  than  4  feet  below  B,  and 
D  more  than  about  8  feet  below  B. 

yimilarly  an.  intermediate   position  of  the  plane  may  be  Owe  3. 
chosen,  in  which  case  both  BC  aud  BA  will  be  sloping. 

491.  It  may  be,  however,  that  in  place  of  one  there  are  Defilade  from 
two  commanding  points  from  which  the  work  is  looked  down  ^^*^  pomu. 
upon,  say  in  the  directions  of  E  and  F  (see  Fig.  2,  PI.  CI). 

I^t  us  assume  that  the  line  BE  has  an  inclination  of  1  in  60  as  Case  4. 
before,  and  that  BF  slopes  at  lin  150.  Then  we  may  deter- 
mine a  plane  of  defilade  at  once,  taking  it  to  contain  both  those 
lines  and  drawing  contours  through  points  at  equal  heights. 
Thus  we  see  that  C  should  be  about  6  inches  below  B ;  A  more 
than  2  feet  6  inches,  and  D  more  than  3  feet  6  inches  below  B. 

Suppose,  however,  that  as  before  it  be  considered  desirable  Oa^e  5. 
to  make  BC  horizontal.  Draw  contours  through  points  of  the 
same  height  on  BE  and  BF  parallel  to  BC.  These  are  shown 
by  the  dotted  lines  at  level  105  in  Fig.  2.  It  will  then  be  seen 
that  the  plane  which  contains  BF  is  at  a  less  angle  of  inclina- 
tion than  that  which  contains  BE,  for  the  contours  are  further 
apart,  and  it  slopes  in  the  same  direction.  Therefore,  if  the 
defilade  is  good  from  E  it  will  be  better  from  F,  and  there  is  no 
difficulty  in  this  case  in  making  BC  horizontal. 

Suppose,  however,  that  it  is  AB  which  is  to  be  horizontal.  Caae  0. 
Draw  tne  contours  parallel  to  it  through  points  in  BE  and  BF 
(see  the  dotted  lines  in  Fig.  3.)  Then  it  appears  that  the 
work  is  required  to  slope  down  to  the  right,  in  order  that  BC 
may  cover  D  from  E,  but  that  it  must  slope  up  in  the  same 
direction  in  order  to  cover  A  from  F.  These  are  incompatible 
conditions,  but  the  case  can  be  met  by  constructing  a  traverse, 
say,  at  BG.  Then  BG  must  be  raised  high  enough  to  cover 
AB  from  F.  That  is  to  say,  BG  must  be  above  the  plane  ABF 
and  G  must  be  over  level  104.  BC  and  CD  can  then  be  dealt 
with  independently,  in  the  same  way  as  in  Case  5. 

Variations  on  these   examples  wiU  meet  all  the  practical 
cases  of  defilade. 

492.  There  are,  however,  some  additional  points  which  it  Special 
is  desirable  to  mention.  poinu. 

One  is,  that  care  must  be  taken  that  in  defilading  a  work  Not  to  throw 
from  one  point  of  view  it  is  not  thrown  open  to  another.  oyen  the 

It  may  easily  happen  that  the  slope  of  the  crest  line  may  ][[JJjJ,^ 
allow  the  work  to  be  seen  into  from  some  point  which  before  point, 
was  harmless.  Attention  should  always  be  directed  to  this,  and 
the  effect  of  any  contemplated  form  of  a  work  tested  before 
finally  adopting  it.  It  is  to  be  noted  tliat  even  ground  on  a 
level  with  or  lower  than  the  work  may  recjuire  to  be  considered. 
In  this  way  a  parados,  which  is  often  desirable  to  protect  men 
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Sloping 
terrep'.ein. 


DlfFerent 
pjsitiotiB  of 
traTene. 


at  the  gorge  of  a  work  from  projectiles  coining  over  from  the 
front,  may  also  be  useful  to  defilade  the  front  parapet  from  view 
from  the  rear. 

Among  the  special  modifications  which  may  arise  there  are 
some  connected  with  the  interior  construction  of  the  work. 

If  in  Case  2,  in  para.  41)0  (Fig.  1,  PI.  CI;,  it  were  wished 
to  keep  BC  horizontal  as  well  as  AB,  it  could  often  be  done. 
The  object  of  lowering  C  is  that  there  may  be  sufficient  covQr 
over  the  terreplein  behind  C,  assumed  to  be  kept  at  a  constant 
depth  below  the  crest.  But  the  terreplein  may  be  sloped  down 
inaependently  and  BC  kept  level.  In  the  case  in  question  there 
would  be  no  difficulty  in  this,  because  E  is  well  in  front  of  BC, 
and  the  men  behind  the  parapet  will,  therefore,  be  sheltered. 
If,  however,  it  were  nearly  on  its  prolongation,  it  would  be 
advisable  to  slope  down  BC  in  order  that  cover  for  .the  men  on 
the  banquette  may  be  protected-  Otherwise  cross  traverses 
would  have  to  be  constructed. 

In  Fig.  3  it  might  be  inconvenient  to  construct  the  traverse 
on  the  line  BG ;  CG  might  be  better.  By  the  conditions  of 
Case  6  (para.  491),  AB  was  to  be  horizontal.  BC  must,  there- 
fore, unaer  these  circumstances,  be  sloped  up  to  cover  A  from 
F,  and  the  traverse  CG  must  cover  D  from  E.  The  terreplein 
behind  BC  may  have  to  be  specially  dealt  with  in  the  manner 
just  stated. 

It  will  be  understood  from  the  foregoing  remarks  that  the 
problems  of  defilade  are  capable  of  varying  solutions.     Several 

Elans  often  have  to  be  sketched  out,  and  skill  and  judgment 
ave  to  be  exercised  in  preparing  them  and  in  deciding  between 
them. 


Section  11. — Works  of  Defence  other  than  the  Forts. 


Intermediate 
batteries. 


Effectively 

concealed 

battery. 


Intermediate  Batteries, 

493.  The  intermediate  batteries  of  the  defence  will  be  very 
varied  in  their  design.  They  may  be  convenieutly  divided  into 
two  classes ;  those  which  are  effectively  concealed,  and  those 
which  cannot  be  so  concealed. 

Both  these  classes  may  be  built  either  in  a  permanent  or  a 
temporary  manner. 

494.  An  effectively  concealed  battery  is  one  that  is  placed 
behind  a  hill,  as  the  howitzer  batteries  are  in  PI.  XCVIl,  or  a 
thick  wood,  or  a  group  of  buildings,  so  that  the  enemy  will 
never  be  able  to  lay  his  guns  on  it  directly,  but  will  have  to 
discover  its  whereabouts  either  from  the  smoke,  if  gunpowder 
be  used,  or  by  watching  the  path  of  the  projectiles,  or  by 
balloon  observations,  or  the  reports  of  spies.  None  of  these 
methods  are  very  precise,  nor  do  any  of  them  enable  the  effects 
of  firing  to  be  watched  and  corrected,  except  balloon  observa- 
tion, and  that  only  in  an  imperfect  manner. 

In  designing  a  concealed  batteiy,  the  first  thing  is  to  make 
sure  that  it  is  really  concealed.    For  instance,  if  placed  io  a 
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valley  it  may  be  perfectly  hidden  from  the  front,  but  may  be 
▼isible  to  anyone  looking  up  the  valley  from  another  part  of 
'the  enemy'tt  position.  Even  if  this  is  at  a  distance  it  will 
enable  him  to  observe  the  effect  of  his  fire  with  a  telescope^ 
and  to  telegraph  the  results  to  the  attacking  batteries.  A 
wood,  a  fence  or  a  building  may  be  necessary  to  complete  the  , 

screen. 

A  wood  may  be  sufficient  in  summer,  but  not  in  winter,  and 
thus  would  not  do  for  a  permanent  battery,  but  might  be  utilised 
for  a  temporary  one. 

It  would  not  be  sufficient  to  place  a  battery  to  be  concealed 
in  a  small  patch  of  ground  whicn  can  be  observed  on  all  sides, 
although  not  actually  visible,  as,  for  instance,  behind  an  isolated 
group  of  buildings^  since  fire  would  be  directed  on  the  spot 
where  it  will  be  known  that  the  battery  must  be. 

'  In  a  fortress  natural  cover  may  often  be  supplemented  by  Artifldal 
artificial     Thus  belts  of  trees  may  be  planted,  or  banks  with  ®^^®'* 
hedges  formed.       In  the  latter  case  tney  shoidd  be   ot  the 
character  usual  in   the   neighbourhood,  or  they  will   attract 
attention.     These  points  can  only  be  properly  considered  at 
the  place  to  be  defended,  and  cannot  be  settled  in  an  office. 

The  ground  inside  a  fortress  should  be  carefully  recon-  Sites  to  b» 
noitred,  and  all  the  good  sites  for  batteries  noted  and  recorded  c^<*®»- 
with  the  number  of  guns  for  which  they  will  serve.  Also  the 
cover  must  be  recorded,  and  noted  tor  preservation.  The 
woods  must  not  be  cut  down  for  fuel,  or  the  buildings 
demolished  for  the  sake  of  the  materials,  a  fate « that  is  very 
likely  to  befall  them  unless  steps  are  taken  to  prevent  it. 

495.  A  concealed  battery  will  always  deUver  curved  or  high-*  Aniuunent 
angle  fire ;  therefore  it  will  be  armed  with  mortars  or  howitzers, 
or  with  guns  firing  reduced  charges. 

A  concealed  battery  may  be  of  a  very  simple  design.  The  Beiign. 
platforms  for  the  guns  will  usually  be  Inid  on  the  natural 
surface  of  the  ground  just  levelled  to  take  them.  A  light 
epaulement,  of  the  nature  of  that  for  field  guns  as  described  in 
Para.  75,  Chapter  I,  and  shown  in  PI.  XVII,  may  be  thrown 
up  on  the  front  and  fianks  of  each.  This  will  serve  to  stop 
the  splinters  of  any  shells  that  may  explode  in  the  neigh- 
bourhood. 

The  guns  may  be  arranged  to  suit  the  ground  without  any 
particular  regard  to  order  or  regularity,  so  long  as  they  do  not 
interfere  with  one  another's  field  of  fure.  They  should  not  be 
less  than  about  40  feet  apart,  so  as  to  give  room  for  working 
them,  and  space  for  a  splinter-proof  traverse  between. 
Recesses  for  ammunition  should  be  provided  where  convenient. 

The  drawing  on  PI.  XVII,  Figs.  3  to  6,  of  "  Gun  Pits 
closed  into  a  Battery,"  gives  a  very  good  idea  of  what  is 
required  for  a  concealed  intermediate  battery  with  the  following 
modifications :  more  space  is  desirable  for  working  the  guns, 
say  15  feet  by  25  feet,  instead  of  12  feet  by  18  feet;  plat- 
forms would  be  laid  on  the  natural  surface  of  the  ground,  not 
sunken ;  and  the  parapet  need  not  be  so  thick. 
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Shell-proof  cover  need  not  be  provided  for  the  gun  detach- 
ments. 

The  projectiles  may  be '  piled  on  the  ground,  or  on  planks, 
and  covered  with  a  tarpaulin. 

496*  The  cartridge  stores,  if  temporary,  may  bo  of  the 
nature  of  field  casemates  or  splinter-proofs,  as  shown  in 
Chapter  I,  Plates  XXII,  XXIII.  They  should  be  earthed  up  all 
round,  and  the  entrance  made  with  an  angle  in  it,  so  that 
splinters  may  not  be  able  to  fly  in  straight  from  the  outside.  If 
made  12  feet  long  by  6  feet  wide,  and  not  less  than  5  feet  high, 
a  store  will  hold  400  rounds  of  ammunition  for  an  8-inch  R.M.L. 
howitzer.  This  is  considered  to  be  enough  to  provide  for  two 
guns.     The  drainage  must  be  carefully  attendea  to. 

If  accommodation  is  required  for  more  guns,  it  is  usually 
better  to  increase  the  number  of  stores  than  to  enlarge  thQW 
dimensions.  Then  the  results  of  an  explosion  are  not  so  serious. 
The  stores  should  be  spaced  at  least  50  feet  apart,  with  a  solid 
earth  traverse  between  them. 

The  ammunition  stores  may  be  placed  in  any  convenient 
positions  near  the  battery,  except  in  front,  where  they  would 
be  liable  to  danger  from  blast  and  burning  fragments.  Secure 
spots  for  them  should  be  chosen,  such  as  in  a  quarry  or  behind 
a  bank. 

Another  way  of  storing  cartridges  for  the  batteries  used  in 
a  siege  is  to  dig  a  series  of  pits,  about  6  fe^t  square,  5  feet 
6  inches  deep,  and  at  least  20  feet  apart  in  the  clear,  in  the 
most  sheltered  place  that  can  be  found.  These  pits  would 
each  hold  12  metal-lined  cases  (say,  100  rounds  for  the  8-inch 
R.M.L.  howitzer).  The  advantages  of  this  arrangement  are 
that  the  pits  take  little  time  to  make,  and  require  little,  if  any 
material ;  the  explosion  of  one  will  not  injure  the  rest,  and  only 
a  small  proportion  of  ammunition  "will  be  lost  by  it.  The 
metal-lined  cases  are  watertight ;  but,  of  course,  tlie  pits  should 
be  kept  as  dry  as  possible,  and  may  be  lightly  roofed. 

It  will  sometimes  be  desirable  to  build  permanent  magazines 
near  the  probable  sites  of  concealed  batteries.  If  so  they 
should  be  constructed  according  to  the  manner  laid  down  in 
para.  419.  It  would  be  advisable  to  make  them  shell-proof.  If 
not,  they  should  be  sub-divided  in  the  same  manner  as  tem- 
porary ones,  so  as  not  to  risk  the  loss  of  all  the  powder  at 
onct%  and  it  is  questionable  if*  this  would  prove  an  economical 
arrangement. 

497.  It  will  rarely  be  advisable  to  construct  complete  con- 
cealed batteries  in  time  of  peace  ;  and  that  for  various  reasons. 
^^  In  the  first  place  the  exact  position  of  the  battery  will  be 
^™®*  known,  so  that,  with  the  aid  of  maps,  the  enemy  vnll  be  able  to 
make  very  fair  practice  at  it  Then  the  battery  may  never  be 
required;  the  place  may  never  be  attacked  at  all,  or  not  on 
that  side  on  which  it  may  be  situated;  so  that  if  we  may  feel 
sure  that  the  temporary  batteiy  will  be  ready  in  time,  it  is  ad- 
visable to  save  the  cost  of  its  construction  and  maintenance.  But 
such  a  temporary  battery  as  has  been  described  could  be  built 
and  armed  m  a  day,  so  that  all  those  required  could  be  ready  in 
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time  if  proper  preparations  are  made,  and  if  there  is  an 
adequate  garrison  to  supply  working  parties.  Preparations 
should  be  made  beforehand  in  peace  time ;  and  the  garrison 
must  be  there,  or  the  place  will  fall,  battery  or  no  battery. 

The  proper  preparations  are,  choosing  the  site,  designing 
the  batteiy,  settling  the  armament  suitable  for  it,  and  having  it 
stored  in  the  place  with  a  suflScient  supply  of  ammunition; 
knowing  where  the -materials  necessary  for  making  the  battery 
are  to  be  found,  and  how  many  men  will  be  required  to  build 
it ;  arranging  for  observatories  and  means  of  directing  fire. 

It  would  often  be  a  good  thing  to  build  a  permanent  maga- 
zine, as  the  ammunition  must  be  kept  somewhere,  and  it  would 
be  best  to  have  it  where  it  is  likely  to  be  required.  Besides, 
knowledge  of  the  site  of  the  magazine  will  not  fix  the  exact 
position  of  the  battery. 

A  road  passing  near  the  site  should  be  constructed  if  it  does 
Hot  already  exist. 

The  cover  may  be  improved  by  planting  trees  or  forming 
fences.  This  it  is  very  desirable  to  do  in  peace  time  so  tbat 
they  may  have  time  to  grow  and  to  assimilate  themselves  to 
their  surroundings. 

Also  it  may  oometimes  be  expedient  to  see  to  the  water 
supply  by  digging  tanks  or  laying  pipes. 

408.  There  is  one  class  of  permanent  concealed  battery  Battoiyfor 
which  it  is  desirable  to  mention,  as  its  use  is  possible  in  this  J®*Ty 
country  and  has  been  advocated.  It  is  one  for  very  heavy  ®^'«"- 
howitzers,  too  heavy  to  move  and  mount  rapidly,  and  requiring 
special  preparations  in  the  way  of  foundations.  It  is  proposed 
to  use  these  with  a  view  of  bnnging  a  dcbtructive  shell  tire  to 
bear  on  the  enemy's  batteries,  to  which  he  shall  not  be  able  to 
reply  on  equal  terms.  Buch  a  battery  is  of  course  liable  to 
have  its  position  accurately  known,  and,  although  unseen,  to  be 
seriously  inconvenienced  by  the  enemy's  fire.  If  built  it  should 
be  provided  with  shell-proof  c<^ver  for  the  men  and  ammunition, 
ana  the  howitzers  should  not  be  collected  together,  but  as  far 
as  possible  dispersed,  so  that  they  may  afford  as  small  a  mark 
as  possible.  These  heavy  howitzers,  however,  appear  to  be 
essentially  weapons  for  employment  against  the  works  of  a 
regular  siege,  and  therefore  not  necessary  for  us  to  adopt.  We 
shall  do  sufficiently  well  if  we  confine  ourselves  to  movable 
weapons  which  do  not  require  these  pennanent  constructions. 
Indeed,  what  with  screw  guns,  rifled  mortars,  "  obus-torpilles,*' 
improved  mountings,  and  other  such  devices  for  getting  the 
maximum  power  out  of  a  given  weight  of  material,  there  seems 
little  need  to  go  beyond  them. 

All  these  batteries  will  require  observing  stations  for  direct-  ObsArrmg 
ing,  the  fire  together  with  the  necessary  means  of  communication,  stations. 
This  will  be  treated  of  in  a  later  section. 

499.   Batteries   not   perfectly   concealed  will   include   all  Batteries  uot 
those  for  guns  firing  direct,  and  sometimes  those  for  howitzers,  ^"{s^^^^ 
when  the  form  of  the  giound  is  such  as  to  prevent  any  better 
«ite  being  chosen. 

These,  to  begin  with,  should  be  as  far  as  possible  hidden 
(8250)  F  2 
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from  the  view  of  the  enemy,  ae  this  puts  difficulties  in  the  way 
of  laying  and  cf  observing  the  effect  of  his  projectiles,  and 
thus  reduces  the  number  of  effective  hits.  The  parapets  should 
be  kept  low  with  the  same  object,  and. in  order  to  render  them 
more  difficult  to  injure.  The  guns  should  have  traverses 
between  them  so  as  to  limit  the  effect  of  the  explosion  of 
shells.  Shelters  should  be  provided  for  the  detachment  to 
take  refuge  in  if  the  fire  becomes  very  hot,  and  it  is  very  de- 
sirable to  have  the  same  for  the  guns  as  well.  The  ammunition 
should  be  securely  protected. 

500.  With  respect  to  concealment  a  device  may  often  be 
used  which  was  first  introduced  for  siege  batteries,  but  which 
is  also  applicable  to  the  defence,  and  can  be  carried  out  in  a 
permanent  form.  This  is  the  formation  of  an  artificial  screen 
m  front  of  the  position  of  the  battery  behind  which  the  latter 
can  be  constructed.  The  screen,  if  temporary,  may  be  made  of 
brushwood,  hurdles,  canvas,  or  any  such  easily  handled 
material,  coloured,  if  necessary,  to  assimilate  it  to  its  sur- 
roundings ;  or,  may  be  made  of  earth.  If  of  the  latter,  it  may 
be  roughly  thrown  up ;  of  a  section  similar  to  one  of  those 
shown  in  rl.  XIII,  Chap.  I,  only  high  enough  to  conceal  the 
work  behind  it;  it  should  not  be  parallel  to  the  battery;  and 
it  should  extend  beyond  the  points  at  which  it  is  requii*ed  as  a 
screen  so  as  not  to  reveal  the  position  of  the  work  by  an 
abmpt  ending.  It  is  desirable  that  it  should  be  about  100  yards 
in  front  of  the  battery. 

If  a  permanent  screen  is  to  be  constructed  it  may  be  made 
by  planting  a  hedge,  making  a  fence,  or  throwing  up  a  parapet* 
A  permanent  screen  might  sometimes  be  advantageously  made 
to  shelter  the  sites  of  possible  future  batteries. 

The  disadvantage  of  using  an  earthen  screen  is  that  it 
interferes  with  the  direct  fire  of  the  battery  for  some  distance 
in  front  of  the  screen.  This  does  not  matter  if  the  guns  are 
only  intended  to  fire  at  the  distant  works  of  the  attack,  but  it 
would  prevent  their  co-operating  in  the  case  of  an  assault. 
This  would  not  matter  for  a  howitzer  battery. 

It  will  often  be  found  useless  to  throw  up  a  screen,  that  is 
to  say,  when  by  any  means  the  enemy  can  see  over  it.  This 
may  oe  the  case  if  tne  site  of  the  battery  slopes  to  the  front,  or 
if  any  high  ground  is  conveniently  situated  within  his  lines,  or 
if  a  ndge  has  to  be  occupied  where  there  is  only  room  for  the 
guns.  In  such  a  case,  if  a  battery  must  be  built  there,  it  will 
often  be  advantageous  to  build  it  in  a  permanent  form,  so  as  to 
make  it  as  strong  as  possible.  Gun  batteries  will  usually  have 
to  be  exposed  to  view,  as  they  will  be  required  for  direct  fir© 
on  assaulting  trooj^s.  The  accompanying  drawing  in  PI.  CXI 
shows  a  work  of  this  nature.  It  is  arranged  for  two  5-inch  B.L. 
guns  on  travelling  mountings.  There  is  storage  for  200  rounds 
of  ammunition,  and  for  the  stores  belonging  to  the  guns.  In 
the  centre  of  the  battery  is  a  shelter  casemate,  in  which  the 
guns  as  well  as  the  men  can  take  cover  if  the  fire  is  very  severe. 

501.  The  railway  truck  moimting  mentioned  in  para.  457 
is  specially  suited  for  use  with  unconcealed  batteries,    it  would 
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enable  the  guns  to  be  kept  under  cover  until  it  was  wished  to 
bring  them  out  in  order  to  open  fire,  and  it  would  permit  of 
guns  which  might  be  overpowered  being  taken  under  shelter, 
or  being  removed  to  other  emplacements  if  there  were  any- 
available  for  them,  and  of  disabled  guns  being  replaced  by 
others.  All  this  might  be  done  without  firing  off  tne  trucks, 
but  using  them  merely  for  transport. 

502.  Batteries  must  be  secured  by  some  means  from  being  P^^^^ 
captured  by  assault  or  surprise.     The  means  to  be  adopted  for  ngni^ife 
this  purpoHC  will  vaiy  according  to  their  situation.     Tne  forts,  aMault 
if  properly  placed,  armed,  and  manned,  should  render  any  open 
assault  out  of  the  question ;  indeed,  tins  is  one  of  the  principal 
functions  they  have  to  fulfil.    Nevertheless,  darkness  or  foggy 
weather  may  favour  a  surprise. 

From  the  point  of  view  of  defence  against  assault^  batteries 
may  be  divided  into  two  classes — those  which  occupy  positions 
in  which  they  are  commanded  by  the  ground  around  them, 
such  as  many  concealed  howitzer  batteries,  and  those  which 
are  not  so  commanded,  as  would  often  be  the  case  with  gun 
batteries  for  direct  fire. 

Batteries  which  are  commanded  should  not  be  called  upon 
to  protect  themselves  by  their  own  fire.  They  must  be  covered 
either  by  an  efficient  obstacle  or  by  infantry  trenches  in  front 
and  on  the  flanks,  or  by  a  redoubt  in  the  neighbourhood,  or 
these  methods  maybe  combined.  It  will  sometimes  be  desirable 
to  surround  the  batteries  with  an  obstacle  similar  to  those  used 
for  forts,  particularly  in  the  latter  case,  when  the  obstacle 
should  be  commanded  from  the  redoubt.  Usually,  however,  a 
fence  to  keep  out  intruders  will  be  sufficient.  Thus  in  the 
cas9  of  the  fortress  shown  in  PL  XCVII  the  concealed  batteries 
in  rear  of  the  north  aad  north-west  faces  need  only  be  fenced  in, 
since  they  are  well  covered  by  the  river,  the  forts,  and  the 
infantry  hues  on  the  crest  of  the  hill.  On  the  north-east  face, 
however,  the  ground  is  more  accessible  to  the  enemy,  and  the 
batteries  are  nearer  up  to  the  line  of  the  forts.  It  would  be 
advisable  to  give  special  protection  to  the  group  of  batteries  in 
the  ravine  south-east  of  Fort  No.  3  by  carrying  a  line  of 
obstacle  in  front  of  them. 

Batteries  which  are  not  commanded  can  be  arranged,  if 
necessary,  to  defend  themselves  by  rifle  fire  from  their  own 
parapets.  They  would  then  resemble  forts  with  the  front 
parapet  arranged  for  gun&  This,  however,  is  a  very  undesir- 
ably arrangement,  as  the  requirements  of  the  two  arms  interfere 
with  one  another.  It  would  be  better  to  separate  the  rifles 
from  the  guns  as  in  the  case  of  the  concealed  batteries.  If  it 
were  absolutely  necessary  to  fire  from  the  site  of  the  battery, 
it  might  be  done  by  carrying  a  shooting  line  along  the  crest 
of  the  glacis,  or  by  having  a  double  tier  of  fire  as  in  Fig.  3, 
PL  C. 

In  the  fortress  in  PL  XCVII  the  unconcealed  batteries  on  the 
north-west  face  should  have  an  obstacle  in  their  immediate 
front,  and  are  then  sufficiently  protected  by  the  forts  and  by 
the  shooting  lines  on  their  flanss.     On  the  north-east  face  it 
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might  be  advisable  to  caiTy  the  flhooting  line  in  front  of  the 
batteries^  which  should  also  be  eurronnded  by  an  obstacle. 
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Infantry  Linei  of  Defence. 

503.  Infantry  lines  of  defence  are  constructed  in  order  to 
increase  the  amount  of  rifle  fire  to  be  brought  to  bear  on  the 
attack.  As  it  is  very  necessary  to  see  the  foreground  from 
them,  their  position  is  a  good  deal  governed  by  the  accidents 
of  the  site,  and  they  are  not,  as  a  rule,  traced  on  any  regulate 
system.  They  ar6  usually  placed  in  the  line  of  the  forts,  or  a 
little  in  advance  of  theni.  Sometimes  there  may  be  several 
Imes,  one  in  front  of  another,  so  as  to  see  different  partli  0f 
the  ground,  or  to  come  into  action  in  different  stages  of  th« 
fighting.  The  most  advanced  lines  will  be  rather  for  the 
purpose  of  observing  the  enemy  than  for  opposing  him.  Th« 
parapets  for  infantry  lines  may  sometimes  be  used  for  covering 
a  road  from  view  of  the  enemy. 

Infantry  lines  will,  as  a  rule,  be  left  to  be  made  when  the 
place  is  put  into  a  state  of  defence,  since  it  will  be  possible  to 
make  them  of  sufBcient  strength  in  a  short  time.  They  would 
be  constructed  according  to  some  of  the  methods  described  in 
Chapter  I  on  Field  Fortifications. 

An  eiample  of  infantry  lines  of  this  nature  constructed 
between  the  permanent  works  of  a  fortress  is  seen  in  PL  XL  VIII 
(Appendix  A  to  Vol.  I)  of  part  of  the  neighbourhood  of  Metz. 
Art  almost  continuous  lino  connects  Forts  Quelieu  and  St. 
Julien,  and  extends  beyond  them  on  their  outer  flanks.  The 
line  is  strengthened  by  a  redoubt  at  Les  Bordes,  where  it  forms 
a  saheiit.  There  are  some  detached  pieces  of  line  in  advance  of 
the  main  one  ;  and  still  further  to  the  front  there  are  some  dc-» 
tached  posts,  which  would  serve  mainly  as  points  of  observation. 
The  positions  of  all  are  evidently  determined  by  the  form  of  the 
ground  and  by  the  accidents  of  woods  and  enclosures. 

504.  It  is  sometimes  desirable  to  construct  infantry  lintd 
in  a  permanent  form,  and  several  examples  of  this  exist  in  ont 
fortresses.  Usually,  when  this  is  the  case,  the  parapet  10 
also  required  to  cover  a  line  of  communications.  Sometimteni 
this  is  its  primary  object,  and  the  covering  mass  necessary  for 
this  purpose  is  adapted  for  firing  from.  Sometimes  the  natupfc 
of  the  ground  is  such  that  only  a  certain  line  can  be  occupied. 
This  is,  therefore^  done  by  a  permanent  work,  so  that  it  may 
be  given  the  needful  strength. 

The  section  of  a  line  of  this  nature,  which  is  necessarily 
exposed  to  view,  would  be  the  same  as  that  of  the  parapet  ol 
a  battery  in  the  satne  situation.  The  .nature  of  the  obstacle 
to  be  provided  would  depend  on  the  likelihood  of  its  being 
assaulted «  As  this  would  seldom  be  so  probable,  or  be  so 
dangerous  to  the  defence  as  a  similar  attack  on  a  fort,  it  wotlld 
not  often  require  to  be  of  such  a  formidabte  character,  and  may 
indeed  usually  be  left  to  be  extemporised  with  wire  entangle- 
ment and  abatie.  Scarping  rocky  teiopei^  ib,  iio'^ever,  a  work 
that  cannot  be  left  to  be  done  hastjjlyi 
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*       In  view  of  the  power  of  modern  weapons,  a  piece  of  pre-  Shell-proof 
paration   tliat  it   would    often    be   desirable   to   make  is  the  ^^^^' 
construction  of  shell-^proof  cover.     This  might  be  made  in 
convenient  situations  in  rear  of  the  probable  situation  of  the 
line,  for  the  piquets,  and  supports  guarding  it. 

Defensible  guard-houses  for  the  examining  posts  (see  In- 
fantry Di-ill.  1898,  Pt.  VII,  para.  169)  on  the  main  roads  would 
also  bo  usefiil. 

505.  In  lajring  out  infantry  lines  over  uneven  grotihd  a  Laying  oat 
good  deal  of  attention  will  have  to  be  paid  to  keeping  the  li^e^ 
communication  behind  the  pampet  concealed  from  view  froia 
the  jfront,  and  that  without  piling  up  a  very  visible  rampait. 
Sometimes  the  problem  will  be  insoluble.  Then  the  line  must 
be  laid  out  to  suit  the  firing,  and  cover  during  the  preliminary 
Operations  must  be  got  by  cutting  other  trenches  in  a  different 
mrection ;  by  building  shell-proof  shelters ;  or  by  keeping  the 
into  in  Some  more  secure  spot  in  the  immediate  neighbourhood. 

The  best  positions  for  the  main  infantry  lines  should  h% 
decided  upon  beforehand,  even  if  they  are  not  built  at  the 
time.  Communications  can  then  be  arranged  to  suit  them; 
features  of  the  ground  favourable  to  their  construction  can  be 
preserved ;  and  the  lines  of  fire  of  the  guns  can  be  laid  out  so 
as  to  support,  and  not  to  interfere  with  them.  The  number  of 
troops  necessary  to  hold  them,  and  the  stores  required  for  their 
com^ntction,  can  also  be  calculated. 

CUaranc$Sm 

606.  Iffext  aftet  ehooting  Bncs  and  batteries  may  be  taken  oiMnnceB. 
clearances,  with  which  they  are  intimately  connected.  What 
is  desirable  to  be  done  is  given  in  para.  389.  The  ground 
immediately  around  a  fort  should  always  be  kept  clear  of 
everything  that  may  interfere  with  the  rifles.  This  does  not 
apply  to  low  scrub  or  thin  fences  that  may  be  left  for  the 
pui-pose  of  disguising  the  work.  In  front  of  infantiy  lines  in 
War  time  the  same  amount  of  clearance  will  be  required,  but  it  is 
often  not  carried  out  in  peace  any  more  than  are  tne  lines  them- 
Irelves.  In  front  of  batteries  it  will  often  be  better  not  to  clear, 
but  to  leave  them  hidden. 

It  is  usual  to  purchase  what  are  called  the  ^clearance  Olewaim 
rights  "  over  the  ground  in  front  of  a  fortress.     This  means  the  "g^it*. 
power  of  prohibiting  the  erection  of  any  permanent  buildings, 
and  of  cutting  down  the  trees,  so  that  the  ground  can  only  be 
used  for  agricultural  operations.    The  hedges,  also^  can  be 
replaced  by  wire  fiancee. 

hk  view  of  the  ranges  of  modern  weapons  it  is  more  than 
ever  desirable  to  possess  extensive  clearano*  rights  in  front  of 
fortresses^ 

Whether  olearance  rights  are  held  or  not^  projects  should 
always  be  |>repar«d,  and  kept  corrected  up  to  date,  for 
demolishing  all  the  houses  that  it  may  be  desirable  to  remove, 
clearing  trees  and  fences,  and  filling  in  hollows,  and  the  neces* 
eery  gun-oottoa  a&d  toids  should  be  kept  in  readiness.    It  may 
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be  noted  that  artillery  fire  may  be  the  best  means  of  destroying 
a  house,  and  the  best  time  to  be  ^hen  the  enemy  are  inside  it. 
Buildingps,  generally,  may  be  prepared  for  demolition  before- 
hand, but  not  actually  blown  up  imtil  it  is  really  necessary 
to  do  so. 

BoadB. 

^  507.  The  necessity  for  good  roads  connecting  the  works 
with  one  another  and  with  the  town  has  been  pointed  out  in 
para.  386.  Being  so.  important,  the  method  of  constructing 
them  cannot  be  passed  over.  The  three  important  parts  of  a 
road  are  the  gradients,  the  width,  and  the  surface. 

The  ruling  gradient  of  a  road  is  the  steepest  part  of  it,  so 
called  because  it  limits  the  weight  of  the  venicles  that  can  be 
taken  up  it.  The  best  nding  gradient  is  1  in  30.  This  does 
not  require  the  brake  to  be  put  on  in  coming  down,  and  is  not 
too  steep  to  moimt  easily.  This  gradient,  however,  will  often 
have  to  be  exceeded  on  military  roads,  which  are  restricted  in 
their  choice  of  route ;  1  in  20  or  1  in  15  may  be  used.  The 
main  road  on  the  London  side  of  Shooter's  Hill,  which  may  be 
familiar  to  many  who  use  this  book,  has  a  gradient  of  1  in  12. 
For  very  short  distances  steeper  gradients  may  be  used  than 
for  long  ones,  as  they  may  be  taken  with  a  rush. 

A  roadway  8  feet  wide  will  admit  of  the  passage  of 
infantry  in  fours,  and  of  all  descriptions  of  military  wagons 
in  one  direction,  but  less  than  10  feet  is  not  advisable.  The 
width  of  a  double  roadway  should  not  be  less  than  16  feet ; 
20  feet  is  better,  and  is  the  usual  width  of  a  cross-road. 

Military  roads  are  usually  macadamised,  that  is  to  say,  they 
are  formed  of  small  broken  stones.  More  rarely  they  are  pavedk 
Stone  for  macadam  should  be  of  one  of  the  hard  kinds  broken 
into  cubes  of  about  1  |^-inch  side.  This  broken  stone  is  called  the 
road  metal.  Ten  inches  thick  of  this  put  down  in  three  layers, 
each  one  rolled,  will  make  a  firm  road.  Instead  of  using  so 
much  metalling,  a  foundation  of  stone  blocks  may  be  used,  and 
metal  spread  on  it. 

The  centre  of  a  road  should  be  about  4  inches  higher  than 
the  sides,  so  as  to  let  the  water  run  off. 

Gutters,  cross-drains^  and  side-drains  are  veiy  important 
parts  of  a  road,  but  a  detailed  description  of  them  would  be  out 
of  place  here. 

Railways. 

508.  The  ftpplication  of  railways  is  given  in  para.  407. 
The  usual  gauge  or  distance  between  the  rails  for  English 
railways  is  4  feet  8^  inches.  The  gauge  of  Irish  railways  is 
5  feet  3  inches,  and  of  most  Indian  lines  5  feet  6  inches.  The 
metre  gauge,  3  feet  3|  inches,  is  also  commonly  used  in  India. 
The  gau^e  for  hasty  military  lines  is  2  feet  6  inches,  and  there 
is  an  18-inch  gauge  at  Woolwich  Arsenal.  Other  gauges  are 
in  use  in  difierent  countries. 

The  minimum  breadth  for  an  embankment  at  the  formation 
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level,  that  is  to  say,  at  the  level  of  the  rails,  on  lines  to  the 
4-foot  S^-inch  gauge  is,  for  a  single  line  12  feet,  and  for  a 
double  line  23  feet.  A  cutting,  bridge,  or  a  tunnel  is  3  feet 
wider.  A  good  deal  of  space  is  thus  seen  to  be  required  beyond 
that  occupied  by  the  raila 

Easy  curves  have  to  be  given  to  the  rails  in  order  thafc  the  Carres. 
carriages  may  pass  round  them.  On  British  railways  carves  of 
sharper  radii  tnan  10  chains  (660  feet)  are  of  rare  occurrence. 
However,  with  carriages  adapted  to  it,  curves  of  radii  as  small 
as  8^  chains  (231  feet)  can  be  used.  On  fortress  lines  sharp 
curves  are  admissible,  as  high  speeds  are  not  used,  and  sharper 
curves  may  be  used  with  the  narrower  gauges. 

The  ruling  gmdient  on  a  railway,  as  on  a  road,  governs  the  Ruling 
speed  and  the  weight  of  the  traffic  that  can  be  taken  up  it.  g»dient. 
For  an  ordinary  locomotive  1  in  27  may  be  taken  as  the  limit^ 
but  with  special  arrangements  steeper  inclines  can  be  used. 

One  in  150  is  a  fair  working  gradient. 

A  connection  between  two  parallel  lines  of  rails  is  usually  Switches. 
made  by  means  of  an  oblique  Ime  of  rails  with  '^  switches "  at 
each  end.    On  the  ordinary  gauge  the  length  of  such  a  con- 
nection is  about  180  feet. 

A  turntable  can  be  used  to  connect  two  lines  of  rails  at  an  Turntables, 
angle.      A  carriage  turntable   is   usually   12    or   14   feet  in 
diameter,  and  that  for  an  engine  and  tender  is  about  40  feet  in 
diameter. 

A  station  platform  has  to  be  made  to  suit  the  trucks  in  use.  Platform* 
It  is  generally  3  feet  high  above  the  rails  and  2  feet  3  inches 
from  Sie  outside  of  the  rail.    The  supports  of  a  station  roof 
should  be  kept  at  least  6  feet  from  the  edge  of  the  platform. 

Kat  any  point  it  becomes  absolutely  necessary  to  introduce  Sopeinoline. 
an  incline  that  is  too  steep  for  locomotives  or  horses,  the  trucks 
can  be  hauled  up  by  a  rope  separately.^  There  is,  of  course,  a 
loss  of  time,  but  if  it  is  only  a  question  of  moving  guns  or 
stores  about  a  foctress  this  does  not  matter  much,  and  it  saves 
the  trouble  of  imloading  and  loading  again. 

Similarly  if  it  is  necessary  to  turn  a  comer  too  sharp  for  a  ReTewiug 
curve  it  may  be  managed  by  means  of  a  "  reversing  station,"  »t»tion. 
that  is,  by  a  piece  of  line  on  to  which  a  train  runs  from  one 
direction  and  backs  off  in  another.    Cannon  Street  Station 
forms  an  example  of  a  reversing  station,  which  is  familar  to  all 
those  who  have  been  at  Woolwich. 

Single  trucks  may  be  turned  by  means  of  a  turntable. 

These  data  are  sufficient  to  give  an  idea  of  the  spaces 
required  in  sketching  out  a  line  of  road  or  rail  in  a  project. 
The  details  of  construction  form  a  large  study  of  themselves, 
with  which  we  are  not  here  called  upon  to  deal.  Particulars 
will  be  found  in  "  Instruction  in  Military  Engineering,"  Vol.  I., 
Part  V. 

Concealment  of  Roads. 

608.  The  protection  of  a  Une  of  road  or  railway  forming 
part  of  the  main  communications  in  a  fortress  is  a  matter  of 
great  impc»rtance.    K  any  portion  is  exposed  to  view,  the 
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Concealmeiit. 


enemy  will  be  sure  to  lie  iu  wait  and  open  fire  on  anything; 
seen  pansing.  Moreover,  he  would  be  able  to  note  the  move* 
ment^  of  troops,  and  thus  take  steps  to  meet  them.  Thit 
inconvenience  was  felt  in  the  siege  of  Paris  iu  1870-71,  whtti 
from  the  hills  around  the  troops  could  be  seen  moving  acrofli 
the  town  to  take  part  in  the  sorties^  and  corresponding  dis- 
positions could  be  made  by  the  Germans* 

Concealment  from  view  is  all  that  is  necessary,  as  blind 
firing  at  a  possibly  unoccupied  road  is  not  a  practical  operation 
of  war.  Tnerefore,  roads  and  railways  should  be  carried  a«  far 
as  possible  along  the  reverse  elopes  of  hills,  or  be  covered  by 
trees  or  hedges.  Sometimes  it  may  be  necessary  to  throw  up 
light  parapets,  which  may  al6o  at  times  be  utilised  as  infantry 
positions.    Cuttings  may  sometimes  have  to  be  made. 

Even  if  the  roads  are  not  permanently  protected  in  peaco 
time,  the  necessity  of  sheltering  them  m  time  of  war  must 
always  be  kept  in  mind,  and  they  should  not  be  taken,  for 
example,  round  the  front  of  a  steep  hill  where  it  would  be 
impossible  to  throw  up  a  covering  parapet.  Roads  may  alaa 
be  screened  in  one  of  the  ways  suggested  for  a  battery  m 
para.  500. 

One  of  the  studies  of  a  fortress  that  should  be  made  in  peace 
time  is  that  of  the  roads :  which  of  them  will  be  used  during 
a  siege,  what  new  ones  will  be  wanted,  and  how  they  can  be 
covered.  A  good  road  will  often  be  of  much  more  important 
to  the  defence  of  a  place  than  a  battery. 


General 
obeeiraUoD. 


Instrumental 
obserration. 

Upon  fixed 
objeote. 


Jiieane  of  OhservCitiont 

610.  Among  the  accessories  of  defence,  meand  of  observa- 
tion and  of  acquiriDg  information  have  always  been  of  im- 
portance, but  their  necessity  is  now  so  great,  owing  to  the 
general  adoption  of  concealment  as  a  means  of  protection^ 
that  special  consideration  must  now  be  given  to  them. 

As  mentioned  in  para.  390,  field  observatories  and  captive 
balloons  may  be  used  for  getting  a  general  idea  of  the  enemy's 
dispositions.  Their  construction  and  use  are  technical  matters 
which  it  is  not  desirable  to  treat  of  here.  It  may,  however,  b« 
mentioned  that  practice  is  necessary  in  order  to  be  able  to 
understand  what  is  seen  from  a  balloon,  and  that  without 
skill  thus  acquii'ed  useful  reports  cannot  be  made. 

51L  Firing  against  visiole  objects  may  be  either  against 
fixed  objects,  such  as  a  batteiy,  or  movable  ones  such  as  troops 
on  the  march.  In  the  former  case  the  observations  are  best 
made  instrumentallv.  Two  observers,  each  provided  with  a 
theodolite,  plane  table,  or  other  similar  surveying  instrument* 
are  stationed  at  two  points  at  a  known  distance  apart,  and 
from  thence  take  the  bearings  of  the  object  to  be  fired  at.  The 
angles  are  telegraphed  iu  to  some  central  point,  and  when 
plotted,  give  the  information  required* 

In  a  similar  manner,  by  vsing  mmultaiieaiiB  obsetvution^ 
fire  may  sometimes  be  directed  on  a  hidden  buttery  hj  layiiig 
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on  the  smoke,  or  even  on  the  flash  of  the  guns.    Also  shooting 
may  be  corrected  by  observing  the  bursts  of  one's  own  shells. 

Permanent  stations  for  this  purpose  are  unnecessary.  The 
instrnments  are  portable  and  easily  concealed.  They  must, 
however,  be  so  placed  that  their  positions  can  be  accurately 
determined,  either  by  direct  measurement  or  by  bearings  on 
kiaidwn  objects.     This  is  a  branch  of  surveying. 

Against  a  moving  object  tliis  system  is  too  slow.     Unless  Upon  moye- 
the  information  is  made  available  for  the  guns  immediately  it  *^1«  objects, 
is  bbtained  it  will  be  too  late.     There  are  several  ways  by 
AVhich  this  may  be  done. 

One  is  to  have  a  map  of  the  country  on  a  scale  of,  say, 
6  inches  to  1  mile  set  up  on  its  true  bearing  with  an  arm 
pivoted  at  the  position  of  the  observer.  The  map  is  so  coloured 
and  illustrated  with  sketches  of  prominent  objects  that  thd 

Eoitition  of  anything  on  the  ground  is  easily  recognised.     On  a 
5dy  of  troops  appearing,  the  range  and  bearing  can  be  rapidly 
determined  and  given  to  the  guns. 

Another  method  recently  brought  forward  is  to  Cover  the 
map  with  squares,  and  calculating  beforehand  the  elevation 
and  training  neceflsary  to  strike  each  one  of  them,  the  fire  of  a 
number  of  guns  could  be  rapidly  converged  on  to  one  spot» 

By  a  further  improvement*  the  position  of  the  square 
observed  can  be  determined  instrumentally,  thus  reducing  the 
chance  of  error. 

The  method  of  dquAres  requires  a  certain  Amount  of  height 
ab^ve  the  gtound  observed,  or  the  Squares  will  be  indistinguish* 
able.  1'he  hoUtomttl  position-finder  tised  for  co6«t  batteries  to 
determine  the  ranges  ^  Irater  Would  do  the  same  on  land  tvith 
tb^  greateert;  precimbn  &hd  Rapidity.  The  chief  objections  to  it 
atd  its  cost,  and  th*  fatl  that  it  requires  two  separate  observers. 

512.  The  positions  of  the  stations  for  obderving  moving  Permanent 
objects  require  to  be  fiJted  befol-ehand  in  order  that  the  Ynaps  observing 
may  be  properly  Jpr^pared.     Consequently,  it  will   often   be  ^'^"t*^"^*- 
desirable  to  construct  them  in  A  permanent  foiln. 

A  6-incb  map  giving  about  5,000  yards  to  the  right,  left, 
afid  ffotit  wotild  fee  about  8  feet  long  by  18  inches  Wide.  The 
**Yiell"  therefore  Wbnld  haVe  to  be  at  least  4  feet  square  to  give 
room  fot  the  to^p  And  An  observer.  If  outside  a  fott,  in  h  con* 
cealed  mtuAttoft,  it  ^otiM  be  sufflcient  to  ptepafe  a  itaall 
r^Vfetted  einJjlacetfieM  abotit  5  feet  de^Ji  with  a  ftlab  or  pillar 
fcrt*  the  tn&p.  It  cOuld  bd  roofed  temporarily  With  boards,  tarred 
felt,  or  Willesden  paper.  If  in  a  fort,  as  Would  ofteft  be  the 
cdee,  in  order  t«  gfet  commtod  and  a  Ifcirge  field  of  view,  it 
should  bhve  Iton  pi'otj^tion.  The  tourelle  for  a  quick-firing  ^ift 
could  be  adAptM  fbi-  Use  AS  an  observing  station,  and  being 
6  feet  across  would  probably  give  sufflcient  accommodation. 
It  ijould  be  lifted  in  projects  Until  a  pattern  is  definitely  decided 
on.  Afe  the  eiliciency  of  the  concealed  portion  of  the  armament 
ddpends  al»olutely  on  the  means  of  observation,  the  necessity 
of  giving  it  adequate  protection  Is  evident. 

^  DttA  i6  Captain  F.  A.  Udtdhfy  S.B. 
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Uluniinating  the  Ground. 


513.  Occasional  lighting  up  of  the  ground  at  night  is  a 

precaution  necessary  to  be  taken  at  sieges,  since  darkness  is 

the  best  protection  to  troops  employed  in  throwing  up  trenches. 

It  may  be  done  for  short  periods  with  rockets,  light  balls,  or 

Electric  light,  parachute  lights ;  and  more  permanently  with  the  electric  light* 

The  latter  should  seldom,  if  ever,  have  a  permanent  emplace- 
ment, for  it  is  not  necessary  that  it  should  have  a  fixed  position, 
and  it  should  never  be  put  into  a  fort  if  it  can  possibly  be 
avoided,  since  it  would  mark  it  and  draw  fire.  As  employed 
in  a  fortress,  the  gear  would  probably  be  mounted  on  two 
carriages,  the  engine  and  dynamo  on  one,  and  the  light  and 
projector  on  another.  The  engine  must  be  put  in  as  safe  a 
place  as  can  be  found,  and  be  near  the  light  so  as  to  avoid  lofis 
of  power.  It  may  sometimes  be  desirable  to  construct  the 
engine-house  and  coal  store  beforehand.  The  light,  if  used 
direct,  must  take  its  chance. 

If  a  reflector  be  employed,  a  parapet  can  be  thrown  up  to 
oover  the  lamp  itself  and  the  men  attending  to  it. 

The  light  should  be  in  telegraphic  communication  with  the 
observers  before  mentioned. 

Jelegraphs. 

Telegraphs.  514,  Under  the  heading  of  telegraphs  may  be  grouped  all 

the  means  of  conveying  messages,  whether  by  the  telegraph  as 
usually  understood,  by  telephone,  by  speaking  tube,  or  by  the 
methods  of  visual  or  mechanical  signalling. 

The  rapid  and  certain  transmission  of  orders  and  informa- 
tion in  a  fortress,  that  they  cannot  be  read  by  the  enemy,  is  of 
great  importance. 

All  the  permanent  forts  and  batteries  should  be  put  in 
communication  with  one  another,  and  with  the  general's  head- 
quarters in  peace  time ;  and  when  preparing  for  war,  the  wires 
should  be  fed  out  to  the  temporary  batteries  and  to  tiie 
advanced  piquet  posts.  The  instruments  should  be  placed  in 
the  safest  and  quietest  spots  that  are  convenient.  Then  they 
can  continue  to  operate,  and  to  give  information  of  what  is 
taking  place,  whatever  happens  to  the  work  in  which  they  are. 
A  telephone  operator  reauires  a  space  of  about  2  feet  6  inches 
by  4  feet,  and  if  more  tnan  one  is  in  a  room  they  should  be 
isolated  by  partitions. 

Flag  and  other  usual  signals,  the  heliograph,  and  flashing 
lights  can  be  used  for  distant  communications,  but  they  are 
undesirable,  as  they  are  comparatively  slow  and  are  in  most 
places  liable  to  be  read  by  the  enemy. 

They  have  the  advantage,  however,  of  not  requiring  any 
intermediate  wires.  A  message  can  consequently  be  sent  over 
the  heads  of  an  enemy;  for  example,  firom  a  besieged  to  a 
relieving  force. 

Inside  a  fort,  telephones  and  speaking  tubes  are  employed, 
but   where  definite  orders  have  to  be  transmitted  as  to  the 
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guns  or  ammunition  stores,  electrical  ** order"  dials  have  the 
great  advantage  of  being  more  precise.  ^ 

In  commuuicating  between  the  observing  stations  and  the 
batteries,  **  range  and  training  dials,"  sueh  as  are  used  in  coast 
batteries,  would  be  suitable.  In  these  the  necessary  training 
is  indicated  by  a  pointer  on  one  dial,  and  the  ran^e  is  similarly 
given  on  another.  A  telephone  would  be  addea  for  ordinary 
communications. 

The  electric  wires  in  or  near  a  work  should  be  insulated 
and  buried  at  least  3  feet  deep,  and  should  be  taken  by  the 
most  secure  and  sheltered  routes.  When  about  half  a  mile 
from  any  work  they  may  be  carried  on  poles,  if  not  too  many 
in  number. 

Barracks. 

615.  The  construction  of  barracks,  though  necessary  to 
be  mentioned  in  order  to  complete  the  subject,  is  not  one  that 
need  be  dealt  with  further  here.    Their  sites,  as  generally    * 
arranged,  are  mentioned  in  para.  391.    Casemates  are  dealt 
with  in  para.  416. 

'  Section  12. — ^Armament  and  Garrison. 

DeterminatUm  of  the  Armament  of  a  Fortress, 

616.  It  is  impossible  to  lay  down  general  rules  for  the 
determination  of  the  armament,  as  it  depends  on  so  many 
varying  conditions,  such  as  the  nature  of  the  works,  the  con- 
figuration of  the  ground,  and  the  numbers  available  for  the 
garrison.  It  has,  however,  to  be  made  in  all  cases,  and  the 
following  points  have  to  be  taken  into  consideration. 

The  armament  of  each  fort  should  be  suited  in  character  to  Armftment  of 
the  work  it  has  to  do.     It  might  require  two  or  three  guns  on  •fort- 
each  flank  to  fire  on  the  intervals,  and  perhaps  some  on  the 
front  faces  to  oppose  the  first  efforts  of  a  besieger. 

The  armaments  of  the  batteries  for  direct  fire  would  be  settled  Armanients  of 
partly  by  the  form  of  the  ground  on  which  they  were  placed,  and  ^*«^« 
partly  by  the  objects  they  were  intended  to  fire  at.  These 
objects  would  be  either  batteries  of  attack  for  which  Ukely 
situations  existed,  or  probable  lines  of  movement  of  troops. 
Thus  in  the  fortress  in  PI.  XCVII,  the  batteries  on  the  left  are 
arranged  to  fire  at  the  roads  and  bridges  leading  to  the  position, 
and  those  on  the  right  to  fire  up  the  valleys  and  over  tne  level 
ground  to  the  north-east.,  where  troops  might  advance. 

With  re^rd  to  the  number  of  howitzers  and  mortars,  what 
would  be  wished  would  be  to  have  in  every  besieged  place 
enough  to  crush  the  attacking  artiUery.  But  this  it  is  unpossible 
to  ensure,  as  the  attack  will  base  its  number  of  guns  on  those 
of  the  defence.  However,  as  we  are  not  dealing  with  regular 
sieges,  it  vnll  be  sufficient  to  provide  a  few  of  these  weapons  to 
bear  on  every  section  of  the  attack.  This  is  done  in  the 
fortress  in  Pi.  XOVII,  an  extra  number  being  given  to  the 
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north* east  face,  as  being  the  weakest.  The  batteries  wiU 
usually  contain  four  pieces,  like  siege  batteries. 

One  or  two  field  batteries  should  be  added  for  sorties,  and 
will  be  found  useful  in  other  ways.  Quick-firing  guns  should  be 
allotted  for  specific  purposes.  It  is  hardly  possible  to  have  too 
many  machine  guns.  They  will  both  strengthen  the  defence  and 
economise  men.  Movable  quick-firing  guns,  light  howitzers^ 
and  moiiars  will  be  of  the  greatest  value,  if  the  enemy  con- 
structs siege  works. 

The  total  number  of  guns  and  heavy  howitzera  may  mount 
to  40  per  mile  for  the  fronts  likely  to  be  attacked,  and  about 
half  that  number  for  the  others. 


Garrison  for 
A  ringle  fort. 


Number  of 
gun. 


Field  force. 


Calculation  of  Garrison. 

917.  The  calculation  for  a  single  work  is  made  as 
follows  :-^- 

Take  the  number  of  men  required  to  work  the  maximom 
number  of  guns  in  the  fort  that  can  be  in  action  at  once,  and 
the  guards  required  for  the  entrances,  for  the  parapet,  for  the 
flanks  or  caponiers,  and  for  the  covered  way,  if  any,  and 
multiply  by  three  for  reliefs.  To  these  add  cooks  and  cooks' 
mates,  storekeepers,  permanent  magazine  men,  orderlies, 
telegraphists,  omcers'  servants,  arid  officers.  The  sum  of 
these  gives  the  full  garrison  required  for  a  fort  exposed  to  a 
regular  siege.  A  fort  not  liable  to  an  attack  of  long  duration 
need  not  have  three  reliefs  for  its  gun  detachments.  . 

No  special  addition  is  necessaiy  for  manning  the  parapet, 
unless  the  work  is  unusually  large,  or  unless  it  be  a  con- 
tinuous line.  In  the  latter  case  an  allowance  may  be  Qiadc 
of  one  man  per  yard. 

In  calculating  a  garrison,  reference  can  be  made  to  the 
Manual  of  Artillery  Exercises  for  the  number  of  men  required 
for  the  various  natures  of  guns  that  may  be  mounted.  For  a 
medium  gun,  such  as  the  64-pr.  B.M.L.,  or  for  a  field  gun,  the 
detachment  consists  of  nine  men,  of  whom  two  are  magazine 
men,  who  may  not  be  required  for  every  single  gun  in  a  work, 
since  several  guns  may  be  suppUed  from  one  magazine. 

In  addition  to  the  gamsons  of  the  forts,  a  Field  Force  is 
required  for  many  duties :  firstly,  to  watch,  and  secondly,  to 
guard  the  intei-vals  between  the  forts ;  thirdly,  to  make  sorties ; 
and  fourthly,  counter-approaches.  It  would  also,  fifthly, 
strengthen  its  position  by  throwing  up  field  redoubts  and 
shelter-trenches,  and  would,  sixthly,  work  the  guns  of  the 
batteries  intermediate  to  the  forts  in  which  the  artilleiy  of  the 
defence  would  be  mainly  placed. 

The  field  force  may  be  calculated  by  allowing  for  piquets 
at  the  rate  of  33  men  per  100  yards  of  outpost  lines  all  round 
the  place  on  a  uniform  site,  with  modifications  according  to  the 
locality,  and  by  allowing  for  the  main  body,  at  the  rate  of  three 
men  per  yard  over  the  fronts  liable  to  be  attacked,  whether 
openly  or  with  siege  works,  as  a  maximum.  To  these  add 
engineers,  usually  taken  at  5  per  cent.,  or  ^  of  the  number 
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o€  the  iufantry,  and  a  fimall  piH>portion  of  cavalry  and  field 
artillerv  dependent  on  the  nature  of  the  country  and  on  the 
possibilities  of  making  sorties.  To  the  whole  field  force 
add  -ji^,  that  k  ^  of  the  number  just  anived  at,  to  allow 
for  sick  and  for  men  on  various  miscellaneous  duties.  This 
calculation  will  be  found  to  give  about  125  men  per  100  yards 
ef  dlrcumference  of  the  fortress,  which  is  reducible  to  about 
75  men  per  100  yards  if  the  place  is  well  prepared,  since  in 
case  such  a  large  main  body  is  not  necessary. 

The  exact  calculation  of  a  garrison  can  only  be  made  on 
the  ground,  taking  all  local  circumstances  into  consideration, 
but  a  fair  approximation  can  be  arrived  at  with  the  map. 
Medical,  commissariat,  transport,  and  other  auxiliary  services 
bave  to  be  added  to  the  above  number. 


Section  13. — Alterations  to  Existing  Works. 

518.  Having  now  considered  the  design  of  the  works  which 
we  may  have  to  build  in  the  future,  we  may  turn  to  the  second 
class  into  which  Fortifications  were  divided  in  para.  869 ; 
namely : — 

(J.)  Those  already  built  by  us ;  which  we  have  to  improve 
and  to  defend. 

The  detached  forts  built  down  to  a  late  period  were  shortly  Nature  of 
described  in  para.  374,  from  which  it  appears  that  they  were  ^owwi* 
small  citadels   containing  all  the  main  elements  of  defence.  TlMafiiftf 
They  were,  indeed,  practically  supplemented  in  war  time  by  **''**^ 
intermediate  infantry  positions,   batteries,    and    even    closed 
redoubts,  as  may  be  seen  in  PL  XLVIII  of  part  of  the  neigh* 
bourhood  of  Metz  during  the  blockade  in  1870,  but  these  were 
additions  and  did  not  form  pai*t  of  the  primary  design.     This 
conception  of  a  fortress,  as  formed  by  a  ring  of  forts,  has  given 
way   Defore  the  advent   of   superior  weapons,  and    become 
that  of  a  ring  of  positions  in  which  the  forts,   though  still 
oi  great    importance,   are    no    longer    employed   in   all    the 
operations  of  defence.     It  is  desirable  to  consider  how  the 
old  forts  would  fulfil  the  new  r61e,  and  what  modifications  are 
required  in  them ;  also  what  new  works  should  be  constructed 
to  supplement  them. 

It  was  seen  in  paras.  374  and  375  that  it  was  necessary  in  Require- 
the  case  of  new  designs  to  reduce  the  amount  of  fire  directed  menu  of  new 
against  the  forts  by  removing  at  least  part  of  their  armament,  ^^'8*^^- 
and. that  they  might  then  be  rendered  less  conspicuoiis,  and 
thus  more  difficult  to  hit. 

•  In  para.  382  former  arguments  were  summed  up  to  the  effect 
that  the  forts  would  contain  guns  on  the  flanks,  and  sometimes 
on  the  front  faces,  and  in  para.  383  it  was  Bhown  that,  under 
certain  circumstances,  they  should  be  provided  with  tourelles 
for  quick-firing  or  machine  guns. 

In  para.  433  and  those  immediattly  following  it,  the  nature 
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of  the  obstacle  to  be  used  round  a  fort  was  discussed,  and  it 
was  shown  that  it  was  not  of  the  same  relative  importance  that 
it  used  to  be. 

In  paras.  441  to  448  the  designs  of  flanking  galleries  and 
caponiers  were  considered;  a  means  of  defence  which  waa 
largely  employed  in  our  old  works. 

We  are  therefore  provided  with  a  knowledge  of  the  results 
to  be  aimed  at  in  modifying  the  existing  forts,  and  we  may  set 
to  work  to  see  how  far  they  may  be  attamed. 

Modifications  of  Typical  Work. 

Bert  to  619*  Now,  as  this  is  essentially  a  matter  of  practice  and 

consider  an      not  of  theory,  since  the  forts  to  be  utilised  are  in  actual  exist* 
ao       oaee.      ^nce,  the  best  way  to  study  it  seems  to  be  to  take  the  plan 

of  a  fort  such  as  has  actually  been  built,  and  to  see  what 
alterations  should  be  laade  to  it  to  render  it  thoroughly 
efficient  for  modern  warfare.  Of  course,  this  will  not  be  a 
guide  to  every  case  that  may  occur  in  practice ;  for  our  forts 
are  numerous,  of  very  varied  design,  built  at  diflFerent  periods, 
and  in  many  cases  altered  since  they  were  first  constructed. 
It  will,  however,  give  a  general  view  of  the  whole  subject,  and 
some  of  the  more  important  differences  may  be  noted  after* 
wards.  It  is  impossible  to  give  a  cut-and-dried  scheme  for 
improving  old  forts.  What"  is  likely  to  be  wanted  can  be 
pomted  out,  and  will  serve  as  a  suggestion  in  particular 
cases. 
Work  which  520.  As  it  is  not  desirable  to  publish  plans  of  existing 

it  is  propoaed  works»  use  has  been  made  of  a  set  of  drawings  of  a  detached 
to  modifj.       f^j^  which  were  published  in  ISfiO,  "  embodying  principles  of 

construction  adopted  in  some  of  the  works  now  in  progress 
for  the  defence  of  the  naval  arsenals  and  dockyards."* 
(>S««  Pis.  cm,  CIV,  CV.) 

We  are  not  now  concerned  with  the  theory  on  which  this 
work  was  drawn  out.  It  was  in  accordance  with  the  ideas  of 
the  time,  and  was  suitable  for  the  methods  and  weapons  in 
use,  Jt  is  necessary,  however,  to  mention,  in  order  to  explain 
its  shape  and  supposed  surroundings,  that  such  works  were 
intended  to  be  about  one  mile  apart ;  the  flanks  see  the  groimd 
in  front  of  the  adjacent  foi-ts,  so  that  each  fort  may  help  its 
neighbour  during  the  last  ptages  of  a  regular  siege ;  the  front 
ditches  are  directed  in  rear  of  the  adjacent  forts  so  that  they 
cannot  be  enfiladed ;  and  the  gorge  casemates  of  the  keep  are 
so  arranged  that  the  gxms  in  them  may  fire  on  the  glacis  of 
the  adjacent  forts. 

The  gun  emplacements  are  not  shown,  except  in  the  "  haxo  '* 
casemates,  so  we  will  consider  them  later  on,  and  take  this 
work  as  it  stands,  only  remarking  that  our  works  are  now 
generally  armed  with  g^ns  in  permlneBt  emplacements. 

*  "  Obserrations  relating  to  the  works  in  progrew  and  proposed  for  the  defence 
of  the  Naral  Ports^  Arsenals,  and  Dockyards.' '  Bj  Major  JerTois,  R.E.,  A.  1.0-.  oC 
Fortifications  (Professiona)  Papers  of  the  Corps  of  Sojal  Engineers,  toI.  iz.). 
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521.  The  chief  points  to  attend  to  are  the  efficiency  of  the  Point*  u 
parapets;  of  the  communications;  of  the  front  and  overhead  ^^^^ 
cover ;  and  of  the  ditch  defences. 

The  drawings  show  that  the  main  parapet  does  not  give  Parapet, 
good  protection  against  howitzer  projectiles;  that  it  is  rather  P'e«e»it ' 
thin,  and  that  this  defect  is  aggravated  by  the  very  steep 
exterior  slope,  which  would  assist  the  destructive  action  of 
shells.  The  work  would  also  be  very  visible  and  easy  to  lay 
upon,  owing  to  the  angular  intersections  of  the  slopes,  which 
give  sharp  shadows.  This  applies  more  particularly  to  the 
traverses,  which  rise  abruptly  above  the  crest.  These  traverses 
contain  small  casemates,  which  are  thin  at  the  sidi?s  and  front. 
The  haxos  face  so  much  to  the  front  that  they  could  be  ruined 
by  direct  fire ;  their  outer  flanks  aro  not  very  sti*ong,  and  they 
might  even  be  struck  in  rear  at  an  angle. 

522.  The  first  remedy  is,  as  far  as  possible,  to  round  off  all  improT«- 
the  visible  angles,  to  plant  shrubs  and  hedges  on  the  work,  and  menta. 
to  grow  trees  to  form  a  background.     The  steep  exterior  i^ope 
cannot  be  much  improved,  but  by  throwing  forward  the  toe  of 

the  slope  and  bringing  back  the  exterior  crest  an  incUnation  of 
2  over  3  can  be  obtained,  which  is  much  better  than  1  over  1. 
{See  Section  A  B.)  The  parapet  can  be  strengthened  by 
carrying  the  crest  about  10  feet  to  the  rear,  and  the  interior 
can  then  be  finished  off  to  the  same  section  as  that  given  in 
PI.  XC.  (See  top  plan  and  Sees.  A  B  and  E  F.)  The  slopes 
of  the  traverses  must  be  made  to  blend  with  the  parapet. 
Moving  back  the  crest  covers  them  on  the  sides. 

The  haxos  should  be  treated  in  the  same  way ;  the  guns  Haxw. 
removed,  and  the  embrasures  filled  up.  (See  Section  C  U). 
The  earth  covering  in  front  of  them  will  be  very  thin;  it 
would  be  advisable  to  build  up  about  6  feet  thick  behind  the 
front  wall.  They  will  then  form  shelters,  strong  enough  for 
our  purposes,  though  not  to  be  counted  on  for  lasting  through 
a  regular  siege. 

It  would  not  be  worth  while  protecting  these  haxos  against 
reverse  fire.  To  do  it,  it  would  be  necessary  to  t'lm  an  arch 
against  the  back,  and  to  pile  earth  against  it. 

The  comers  sheltered  by  them  on  their  inner  flanks  might 
be  arranged  for  machine  guns. 

The  casemated  mortar  battery  at  the  salient  is  now  no 
longer  required  for  that  purpose.  It  does  no  harm  and  might 
be  left  as  it  is,  and  may  be  found  useful  for  stores. 

Tourelles  for  quick-firing  guns,  which  would  in  this  case  TouielkL 
be  mainly  required  for  the  defence  of  the  intervals  and  not  of 
tho  fort  itself,  might  be  added.  They  might  be  placed  two  on 
each  shoulder :  one  on  the  outer  flank  of  the  double  haxos ; 
the  other  in  front  of  the  next  traverse.  The  shoulders  of  the 
covered  way  might  be  foimd  to  be  good  positions  for  them. 

The  parapet  of  the  keep  is  not  of  much  value  for  the  de-  Keep, 
fence,  and  it  is  not  possible  to  strengthen  it  much.    Having, 
however,  a  greater  command  than  any  other  part  of  the  work, 
and  being  to  a  certain  extent  sheltered  by  the  front  parapet,  it 
mskj  form  a  position  for  look-out  places. 

(8250)  a 
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The  covered  way  requires  increased  protection,  but  this 
might  be  easily  arranged  when  the  place  is  being  prepared  for 
a  siege. 

The  parapets  and  glacis  should  be  planted,  with  bushes. 

523.  In  a  modern  fort  it  is  considered  that  the  commimica- 
tions  should  be  so  arranged  that  one  may  be  able  to  move 
round  the  fort  and  to  cross  it  in  safety  and  to  emerge  near  any 
required  point  on  the  parapet. 

In  this  fort  it  was  considered  that  the  rampart  gave 
sufficient  protection  for  moving  over  the  parade;  and  the 
means  of  access  to  the  parapet  are  very  scanty,  consisting  only 
of  two  ramps  on  the  flanks  and  an  open  flight  of  steps  in  the 
centre.  On  the  other  hand,  there  are  galleries  leading  directly 
from  the  keep  to  each  of  the  caponiers ;  secure  and  indepen- 
dent communication  between  these  points  being  considered  at 
the  time  of  great  importance.  The  relative  value  of  the  two 
requirements  has  now  changed.  It  would  be  desirable  to 
utilise  the  caponier  communication  for  the  purpose  of  gaining 
secure  access  to  the  parapets,  and  for  crossing  the  parade 
between  the  front  casemates  and  the  keep.  This  may  be 
done  by  forming  stairs  down  into  the  caponier  galleries  in 
the  positions  shown  on  the  plan  of  the  casemates  (PL  CIII)  and 
also  stairs  up  to  the  terreplein.  On  the  flanks  these  may  lead 
from  the  passage  connecting  the  casemates  into  the  double 
haxos.  In  or  near  the  centre  they  may  lead  from  the  case- 
mates into  one  or  more  of  the  hollow  traverses. 

In  addition  it  would  be  desirable  to  form  on  each  flank  oi 
the  keep  an  inner  glacis  mnning  parallel  to  the  gorge  wall. 
This  would  cover  the  way  from  the  Keep  by  the  bridge  into  the 
main  work;  and  it  would  give  some  protection  to  the  main 
entrance. 

524.  The  fi-ont  and  overhead  cover,  as  might  have  been 
expected,  is  generally  thin,  as  against  modern  projectiles.  It 
has  already  been  suggested  in  para.  522,  that  it  would  be  ad- 
visable to  thicken  the  front  walls  of  the  haxos.  Additional 
concrete  on  the  roof  making  it  up  to  5  feet  thick  would  also  be 
useful,  but  no  small  alterations  of  this  kind  would  be  really 
satisfactory,  as  the  haxos  are  so  high  and  exposed  to  direct  fire. 
If  cover  for  the  guard  of  the  parapet  was  urgently  required  it 
would  be  best  to  remove  the  existing  arches,  and  to  re-roof 
them  with  iron  rails  and  concrete,  leaving  an  internal  height  of 
7  feet  6  inches.  This  would  bring  the  top  down  nearly  to  the 
level  of  the  parapet  of  the  flanks,  so  that  it  would  be  possible 
to  conceal  the  exact  position  from  the  exterior. 

The  ends  of  the  hollow  traverses  would  certainly  require 
thickening.  Their  roofs  may  be  left  to  take  their  chance  of  being 
hit  by  a  large  projectile.    They  are  small,  and  can  be  concealed. 

525.  The  main  dwelUng  casemates  are  fairly  strong  as 
regards  their  roofs,  always  bearing  in  mind  the  probable  nature 
of  the  attack.  The  front  protection  is,  however,  decidedly 
weak,  and  it  is  not  practicable  to  strengthen  it  by  thickening 
the  parapet.  The  best  course  to  adopt  appears  to  be  to  build 
up  a  stout  wall  at  the  end  of  the  casemates  between  them  and 
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the  passage  (see  Section  A  B).  This  is  better  than  thickening 
the  front  wall  internally  by  the  same  amount,  as  it  does  not 
block  the  passage.  Also  a  shell  reaching  the  front  wall  would 
probably  be  burst  by  it,  and  only  its  fragments  would  reach  the 
inner  wall,  which  they  would  not  injure,  but  if  all  were  in  one 
thickness  the  explosion  would  probably  shake  it  right  through. 

Thickening  tne  front  wall  externally  would  involve  a  large 
amount  of  excavation,  and  would  reduce  the  earth  covering, 
and  is  therefore  not  to  be  recommended. 

The  ammunition  stores  under  the  haxos  are  fairly  safe,  but 
require  to  be  thickened  in  the  roof  and  front  wall.  They  may  not 
now  be  required  to  store  ammunition,  in  which  case  they  may 
be  left  alone. 

The  keep  might  be  strengthened  in  various  ways,  but  it  is  Casemates 
very  questionable  if  it  would  be  worth  while  doing  anything  to  ^^  ^®®P' 
it,  seeing  that  there  is  plenty  of  other  accommodation. 

A  wall  might  be  built  up  as  suggested  for  the  other  case- 
mates, but  this  would  cut  off  a  large  proportion  of  the  internal 
space.  A  better  plan  would  be  to  construct  a  shell-proof  floor 
of  girders  and  concrete  between  the  upper  and  lower  tiers  of 
casemates  and  to  build  an  internal  wall  round  the  front.  The 
lower  casemates  would  be  reduced  in  height,  which  can  be  done 
without  inconvenience,  and  they  would  be  made  practically 
secure.     The  upper  ones  would  be  left  to  take  their  chance. 

The  ditch  of  the  keep  could  be  roofed  over  so  as  to  form  a 
ring  of  shell-proof  chambers.  Then  if  earth  were  filled  in  on 
top  it  would  form  a  continuous  glacis  at  a  slope  of,  say,  one  in 
six,  from  the  crest  of  the  parapet  down  to  the  parade.  This 
would  be  costly,  and  it  could  only  be  done  if  additional  shell- 
proof  accommodation  were  very  much  wanted. 

A  slight  amount  of  additional  protection  would  be  got  by 
forming  an  internal  glacis  to  the  keep  on  the  parade  of  the 
toiiy  but  the  gain  would  not  be  commensurate  with  the  cost. 

A  danger  to  the    casemates  would   arise  from  the  back-  Froteotion 
flying  splinters  of  shells  bursting  on  the  parade.     This  may  against 
be  fairly  guarded  against  in  a  temporary  manner  by  blinding  "^  ^*®"' 
them  with  timbers  and  earth  or  rails,  but  some  casemates  should 
be  protected  in  a  permanent  manner  by  building  walls  about 
5  feet  in  front  of  them  and  arcjhing  over  the  intervening  space. 
The   casemates  under  the   shoulders  of  the  work  are    those 
that  require  it  most,  it  being  possible  to  drop  projectiles  nearer 
to  them  than  to  the  rest.     The  ammunition  stores,  if  still  used 
as  such,  should  certainly  be  treated  in  this  manner. 

The  effect  of  a  shell  falling  on  the  confined  parade  of  the 
keep  would  be  very  disastrous,  and  all  the  lower  casemates 
should  be  blinded;  but  this  might  be  left  to  be  done  when  prepar- 
ing for  a  siege,  as  it  would  make  the  rooms  veiy  uncomfortable. 

526.  The  ditch  defence  is  provided  on  a  scale  considerably  be-  Ditoh 
yond  what  is  considered  necessary  at  the  present  time.  There  is  defenoei, 
a  lofty  escarp  and  counterscarp,  which  ai'e  well  flanked  by  power- 
ful caponiers,  firing  over  the  whole  width  of  the  ditch.  It  will 
be  sufficient  for  our  purpose  if  the  escarps  are  sure  to  remain 
generally  complete  up  to  the  end  of  such  an  attack  as  is  likely 
(8250)  G  2 
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to  be  canied  on  against  them,  and  if  portions  of  the  caponiers 
can  then  still  be  used  to  fire  from. 

^This  can  certainly  be  counted  upon.  The  counterscarp 
generally  is  safe  from  everything  in  the  way  of  projectiles, 
except  large  obus-torpilles,  falling  on  top  ol  the  counter  arches* 
These  we  do  not  expect  to  have  to  deal  with. 

The  escarp  is  not  so  safe,  but  most  of  that  is  covered  for 
two-thirds  of  its  height  against  a  drop  of  one  in  four.  It  is  of 
a  very  strong  construction,  and  would  require  the  establishment 
of  regular  breaching  batteries  to  bring  it  down. 

The  caponiers  are  fairly  covered,  but  their  walls  are  com- 
paratively thin.  As  they  are  points  of  special  importance  it 
would  be  advisable  to  take  some  steps  to  strengthen  them. 
Portions  of  the  outer  ends  of  the  shoulder  caponiers  and  the 
head  of  the  centre  one  might  be  filled  up  with  concrete,  and 
concrete  should  be  substituted  for  part  of  the  earth  covering  of 
the  roofs. 

When  this  has  been  done,  the  obstacle  for  the  security  of 
the  fort  may  be  looked  upon  as  amply  sufficient  for  our  pur- 
poses. Abatis  or  entanglements  should  still  be  apphed  on  the 
glacis,  but  this  would  be  done  to  protect  the  guards  and  patrols 
occupying  the  covered  way. 


Chin  empkce* 
ments. 
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Variations  from  Typical  Work, 

527.  It  now  remains  to  notice  some  of  the  more  important 
differences  from  this  typical  work,  that  may  be  foimd  in  deaUng 
with  actual  examples. 

In  the  first  place,  it  must  be  remembered  that  the  sites 
for  the  older  forts  were  mainly  chosen  as  affording  good 
artillery  positions,  and  that  nearly  all  are  armed,  both  on  the 
faces  and  flanks.  The  guns  are  thus  well  placed  for  com- 
manding the  surrounding  country  with  direct  fire,  and  there 
are  probably  no  other  sites  so  good.  Under  these  circum- 
stances it  will  usually  be  best  to  leave  enough  of  the  guns  on. 
the  faces  to  form  a  "ready"  armament  for  use  against  the 
earlier  stages  of  an  attack,  removing  any  howitzers  and  all 
guns  which  are  not  required  for  this  purpose,  and  for  which 
advantageous  positions  can  be  found  elsewhere.  The  guns 
which  are  left  should  all  be  mounted  to  fire  overbank,  or  should 
be  on  disappearing  carriages. 

Some  of  the  flank  guns  would  naturally  remain,  as  they 
would  probably  be  required  even  in  a  new  work.  They  should 
not  be  so  crowded  as  to  prevent  their  being  well  traversed,, 
while  leaving  space  for  machine  guns  and  rifles. 

The  gun  emplacements  being  fixed  in  position  would  pro- 
bably interfere  with  the  general  drawing  back  and  thickening- 
of  the  parapet  which  has  been  recommended,  but  this  should 
be  carried  out  as  far  as  possible.  The  angles  can  at  any  rate 
be  rounded,  and  the  forms  disguised  by  planting. 

The  ammunition  and  artillery  stores  should  be  arranged  to 
suit  the  guns.  As  the  larger  portion  of  the  armament  will  now 
be  outside  the  forts,  while  the  main  ammunition  stores  will  be 
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inside  them,  consideration  should  be  given  to  the  problem  of 
passing  ammunition  out  of  the  fort  during  a  siege,  rather  than 
to  that  of  getting  it  on  to  the  rampart.  It  would  be  desirable 
to  have  a  store  outside  the  forts. 

When  there  are  no   casemates  under  the  rampart  it  will  OoTer  from 
usually  be  found  that  the  parapet  does  not  give  sufficient  pro-  P*™-?®*' 
tection  to  the  ground  immediately  in  rear  to  make  it  reasonably 
safe.     It  will  be  necessary  to  excavate  a  sunken  way  and  some- 
times to  construct  covered  galleries  of  communication. 

Structures  sometimes  exist,  such  as  gorge  walls  and  masonry  Exposed 
keeps,  which,  though  concealed  from  view  from  the  front,  can  niaaonry. 
be  easily  struck  by  howitzer  shells,  when  they  would  give  off 
dangerous  splinters.  Sometimes  they  can  be  covered  by  an 
interior  glacis  or  by  a  parados,  or  earth  can  be  piled  against 
them.  Often  nothing  can  be  done  but  to  pull  them  down  in 
whole  or  in  part. 

528.  Sometimes  the  ditch  defences  are  not  so  stiong  or  so  Jyitok 
well  covered  as  those  in  the  fort  that  has  been  taken  as  an  d®^®"*^*'* 
example.  It  does  not  follow  that  anything  should  be  done  to 
them.  They  may  be  quite  sufficient  ft)r  the  situation  as  a  guard 
against  assault.  If,  however,  more  is  required,  it  will  seldom 
be  advisable  to  touch  the  escarp  or  counterscarp,  as  a  great 
expense  may  be  incurred  without  materially  adding  to  the 
fltrength.  A  railing  in  the  ditch  may  in  a  few  cases  be  set  up 
with  advantage.  Obstacles  may  be  extended  over  the  glacis, 
which  will  supplement  the  ditch  defence,  and  will  be  covered 
by  the  fire  from  the  parapet. 

Usually,  if  a  caponier  has  to  be  dealt  with,  it  is  because  it  Caponier, 
is  imperfectly  covered.     It  may  be  treated  in  various  ways, 
depending  on  the  situation. 

In  the  case  of  the  work  we  have  just  been  considering  the 
caponier  is  seriously  exposed  only  at  the  roof  and  head.  This 
and  those  like  it  can  be  thickened  over  the  roof  and  at  the 
head,  so  as  to  be  able  to  withstand  the  amoimt  ot  battering  that 
they  may  possibly  have  to  meet. 

If  the  ditch  were  not  so  deep,  it  might  be  desirable  to  lower 
the  caponier  by  re-roofing  it  at  a  lower  level.  This  would  be 
done  by  removing  the  existing  arches,  inserting  iron  girders 
and  plates,  or  rails,  so  as  to  leave  just  enough  headway  to  move 
freely  inside,  and  filling  in  over  the  ironwork  with  concrete. 

This  would  have  the  disadvantage  of  lowering  the  escarp 
at  this  point ;  which  might  be  got  over  by  giving  the  caponier 
a  pointed  roof. 

Sometimes  thickening  or  even  increasing  the  size  of  the 
head  of  the  caponier  would  give  efficient  protection  to  the 
outermost  casemates.  This  protection  might  be  increaaed  by 
rebuilding  the  outer  wall  of  tne  casemate  further  back,  so  that 
it  may  be  more  under  the  shelter  of  the  arch  above  it.  This 
would  form  what  is  termed  a  "tunnel"  embrasure  for  the 
flanking  gun  to  fire  through.  See  PI.  CXLVI  for  an  example 
of  this  form  of  construction. 

In  some  cases  it  would  be  the  best  and  often  the  most 
economical  plan  to  pull  down  the  caponier  altogether,  and  to 


/ 


86  PERMANENT  FORTIFICATION. 

construct  instead  of  it  a  caponier  of  miniraum  dimensions,  say, 
for  two  rifles  on  each  side,  which  would  enable  the  ditch  to  be 
watched,  and  would  be  very  diflScult  to  injure. 
Oorered  way.  529.  Many  forts  will  be  found  to  be  without  a  covered  way. 

In  these  cases  it  is  desirable  that  a  "  patrol  path  "  should  be 
constructed.  A  patrol  path  is  simply  a  covered  pathway  from 
which  the  ground  beyond  can  be  watched.  It  may  be  formed 
by  a  parapet  5  feet  high.  The  best  place  for  it  would  usually 
be  the  crest  of  the  glacis.  It  will  be  found  to  save  men  in 
guarding  the  fort  at  night  against  surprise.  It  will  not  always 
be  necessary  to  form  the  patrol  path  permanently ;  it  may  be 
one  of  the  preparations  for  war ;  but  it  should  be  laid  out  before- 
hand, and  the  approaches  to  it  considered. 

Other  Works  besides  the  Forts. 

Intermediate  530.  From  what  has  been  said  as  to  the  character  of  the 

batteriefl.         work^  constructed  in  existing  fortresses,  it  will  be  seen  that 

they  will  usually  be  found  sufficiently  provided  with  guns  for 

direct  fire  for  use  in  the  earlier  operations  of  a  siege.     It  may 

occasionally  be  desirable  to  build  additional  batteries  for  direct 

fire ;  but  it  will  hardly  ever  be  advisable  to  construct  them  in  a 

permanent  form. 
Other  1^-  531.  The  other  requirements  of  a  foi-tress  will  be  the  same 

quirements  of  for  an  existing  as  for  an  entirely  new  one. 
a  fortrosB.  Sites  for  concealed  howitzer  batteries  will  have  to  be  chosen, 

if  this  has  not  already  been  done,  and  preparations  made  bo  that 

they  may  be  thrown  up  rapidly  when  wanted. 

The  batteries  should  be  designed,  and  marks  made  on  the 

ground  by  which  their  position  may  be  indicated. 

Magazines  may  have  to  be  constructed  superseding  those  in 

the  forts,  ance  the  latter  position  is  not  a  suitable  one  for  the 

supply  of  exterior  batteries. 

Additional  roads  may  have  to  be  laid  out  to  serve  the  fresh 

sites. 

Lines  of  rail  for  communication  puiposes  may  be  required, 

and  also  probably  in  the  future  to  be  in  immediate  connection 

with  the  batteries. 

Infantry  lines,  clearances,  baiTacks  and  store  accommodation 

call  for  no  special  remarks. 

Means  of  observation,  including  electric  lights,  will  have  to 

be  provided  in  the  same  manner  as  for  a  new  place.     Similarly, 

means  of  transmitting  messages,  such  as  telephone  lines,  will  be 

required. 
Works  532.  In  the  remarks  in  this  section  the  older  fortresses  have 

^^y  ^ound  been  spoken  of  as  if  their  works  had  been  unchanged,  or  nearly 
to^  at  east  ^^^  since  they  were  built.  Of  course  this  is  not  the  case,  and 
modified.         they  have  been  more  or  less  modernised  already.     These  notes, 

however,  show  the  total  of  what  should  be  done  with  them. 

What  has  been  carried  out  in  any  particular  case  is  so  much  to 

be  deducted  from  this  total,  leaving  the  balance  only  to  be 

considered  and  dealt  with. 
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Section  14. — Provisional  Fortification. 

533«  Provisional  fortification,  as  its  name  implies,  includes  Deflnitioiu 
those  works  which  are  intended  to  take  the  place  of  peiinanent 
defences.  It  may  be  required  either  to  complete  a  place  begun,  Applioatioiu 
but  not  finished  when  war  breaks  out ;  or  to  strengthen  a  line 
of  permanent  forts  by  occupying  additional  points  ;  or  to  hold 
a  totally  new  position,  whose  importance  has  developed  in  the 
course  of  a  war. 

Belfoi-t  (1870)  may  be  taken  as  giving  an  example  of  the  Examples, 
first  case  (see  Appendix  2  to  Chapter  VI.)  Paris,  in  1870, 
is  an  example  of  the  second  case,  where  the  redoubts  of  Hautes 
Bruyires  (see  Chapter  VI,  para.  665),  and  others  were  built. 
Torres  Vedras  in  1809-10,  Dresden  and  Florisdorf  in  1866,  and 
Plevna  in  1877,  are  a  few  of  the  numerous  examples  that  might 
be  ffiven  of  the  third  case. 

The    importance    of    provisional    fortification    has    much  Proaent 
increased  with  the  improvements   in    weapons,   which   have  importance, 
reduced  the  importance  of  the  many  material  obstacles  of  the 
older  fortresses.     It  is  at  the  present  time  much  in  favour,  and 
is  counted  upon  to  complete  many  fortresses,  and  to  make  up 
for  many  deficiencies. 

It  is,  however,  not  improbable  that  a  further  development 
of  the  means  of  attack  may  result  in  the  necessity  of  means  of 
defence  requiring  more  careful  preparation. 

534.  Provisional  fortification,  as  distinguished  from   per-  Time  for 
manent  on  the   one  hand    and  field  on  the   other,  may  be  <^°»*™cfcw>n. 
considered  as  that  which  can  be  constructed  in  a  space  of  time 
varying  fi-om  a  fortnight   to   three  months,  the   actual  time 
available  in  any  particular  case  depending  on  circumstances. 

535.  Of  the  various  works  which  go  to  make  up  a  fortress,  The  forts  are 
those  chiefly  affected  are  the  forts  occupying  the  points   of  ^^JJ^J^* 
tactical  impoi'tance,  since  many  of  the  lines  and  batteries,  even 

in  permanent  fortresses,  are  intentionally  left  to  be  throAvn  up 
when  they  are  hkely  to  be  required*  In  our  case,  however,  the 
designs  given  for  permanent  works  can  be  executed  in  a  hasty 
manner  in  very  similar  forms. 

536.  The  first  work  described  in  Chapter  IV,  para.  477,  was  "  Semi- 
indeed  designed  as  "semi-permanent,"  a  term  sometimes  used  ?^^®*^*" 
instead  of  provisional.     It  was    actually  constructed  on    a 
favourable  site  in  a  month,  with  the  exception  of  the  iron 
palisade,  which  took  six  weeks  to  make.    By  paying  an  extra 

price  for  rapidity  of  work,  it  appears  probable  that  the  time  on 
a  similar  site  could  be  miaterially  diminished.* 

The  iron  palisade  is  not  essential,  and  might  be  replaced  by 
entanglement  or  abatis,  with  which  it  would  in  any  case  have 
to  be  supplemented. 

If  time  pressed,  it  would  be  advisable  to  use  timber  framing 


•  "Somi-Permanent  Infantry  Bedoubts."    Major  G.  B.  Walker,  B.B.  (Profet- 
•ional  Papen  of  the  Oorpe  of  Bojal  Bngineeri,  1^). 
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instead  of  masonry  walls  for  the  casemates,  as  it  wonld  stand 
the  racking  effect  of  exploding  shells  better  than  "green"  mortar. 
In  any  case,  however,  it  would  be  advisable  to  use  Portland 
cement  concrete  in  the  roof,  even  if  there  w^ere  timber  under- 
neath. If  it  were  fortunate  enough  to  get  a  few  weeks  to  set^ 
it  would,  by  its  hardness,  add  materially  to  the  power  of 
resistance. 

537.  The  strengthened  redoubt,  described  in  para.  479, 
might  be  carried  out  nearly  as  rapidly,  with  the  exception  of 
the  tourelles,  which  could  not  be  extemporised.  If,  however, 
any  of  the  movable  shielded  mountings,  described  in  para.  470, 
were  to  become  available,  they  could  take  the  place  of  the 
tourelles.  The  steep  steps  to  the  banquette  could  be  easily 
formed  with  boards  neld  up  by  stakes  driven  into  the  ground 
instead  of  with  concrete. 

538.  The  fort  shown  in  Plate  XOIX  could  not  be  executed 
in  a  provisional  manner  so  well  as  the  smaller  works,  but  the 
under-plan  and  sections  in  PL  CVI  show  how  a  defensible 
position  could  be  formed  by  throwing  up  parapets  with  part  of 
the  crest  lines  in  advance  of  the  positions  it  would  permanently 
occupy. 

Under  cover  of  these,  the  construction  of  the  casemates  could 
proceed. 

The  ditcli  and  main  parapet  could  be  begun  at  once,  and  at 
the  same  time  it  would  be  necessary  to  excavate  for  and  to  build 
the  galleries  of  communication  between  the  two  sets  of  case- 
mates. 

When  this  was  done  the  inner  parapet  could  be  thrown  up. 

The  back  walls  of  the  casemates  would  be  the  next  things 
to  build ;  a  trench  bemg  dug  along  the  line  they  are  to  occupy, 
and  the  earth  kept  back  by  timber  shoring.  When  they  are 
done  the  remainder  of  the  excavation  am  be  gone  on  with,  and 
the  casemates  built  without  any  diflBculty.  If  an  attack  were 
made  before  these  were  finished,  the  sites  would  be  good  ones 
for  field  casemates  or  splinter-proofs.  When  the  casemates 
were  completed  the  parapets  could  be  finished  in  their  per- 
manent form. 

It  is  necessary  to  be  clear  as  to  the  manner  of  building  a 
provisional  work,  as  it  is  of  its  essence  that  it  should  be  done 
within  a  specified  lime. 

In  PI.  CVI  the  stores  on  the  flanks  of  the  front  casemates  are 
omitted,  as  it  would  be  difficult  to  make  these  buried  case- 
mates, built  in  a  hasty  manner,  dry  enough  for  use  in  a  short 
time. 

The  galleries  of  communication  leading  to  the  front  case- 
mates are  shown  as  made  up  with  earth,  for  the  large  masses 
of  concrete  used  in  the  permanent  work  would  require  to  be 
built  slowly,  and  to  have  a  long  time  to  set  in  order  to  be 
efficient. 

The  water  would  have  to  be  stored  in  iron  tanks,  or  in 
casks. 

539.  As  in  the  case  of  the  smaller  work,  it  woxdd  not  be 
possible  to  employ  the  tourelles  for  quick-firing  guns. 
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Travelling  shielded  mountings  (ste  PL  XCV)  could  be  used 
available,  but  at  present  (1892)  this  would  not  be  the  case. 

Without  these  protected  mountings  the  efficiency  of  the  ConBequcnccs 
work  would  be  affected  in  two  ways :  it  would  not  be  possible  of  ^^Ues 
to  depend  on  its  fire  at  ranges  beyond  that  of  rifles,  and  it  used.^*"^ 
might  even  be  practicable  for  the    enemy  to  silence  it  with 
shrapnel,  and  to  storm  it.     To  meet  the  first  of  these  difficulties 
the  pivot  works  should  be  kept  within,  say,  1,600  yards  of  one 
another,  that  is  to  say,  within  twice  the  medium  range  of  rifles. 
To  meet  the  other,  particular  attention  should  be  given  to  tlie 
obstructions,  so  as  to  check  the  enemy  at  a  point  where  their 
artillery  fire   will  be  rendered  difficult,  if  it  is  not  stopped 
altogether,  by  the  proximity  of  their  infantry  to  the  target 
aimed  at. 

Accessory  Works. 

540.  Of  the  works  of  defence  other  than  the  foris,  as  enume- 
rated in  Section  11,  most  would  in  any  case  be  constructed  in 
a  provisional  manner,  as  has  already  been  stated.  Some  of  the 
visible  batteries  wo  aid  not  be  so  strong,  and  it  might  be  Batteries, 
impossible  to  place  guns  on  some  difficult  sites  otherwise  suit- 
able, on  account  of  there  not  being  time,  or  perhaps  labour, 
available  to  prepare  them. 

541.  Infantry  lines  would  usually  be  left  to  be  done  when  Infantry 
wanted.     Even  the  larger  parapets   required  to  cover    com-  1*^«'* 
mimications  could  be  thrown  up  in  the  time,  unless  there  were 
peculiar  difficulties  in  the  ground. 

Clearances  are  always  left  to  be  done  at  the  last.  Olearaneee. 

542.  Roads  require  time  to  consolidate  so  as  to  bear  heavy  Boads. 
traffic,  but  tolerable  ones  can  be  formed  rapidly.     In  marshy 
gi-oimd.  plank  or  **  corduroy  "  roads,  formed  of  trunks  of  trees, 
might  be  used. 

Light  railways  of  narrow  gauge,  such  as  the  metre,  or  the  Bailwaje, 
2-foot  6-inch,  can  be  quickly  laid.     They  might   be  used  in 
connection  with  new  works  added  to  an  existing  fortress,  but 
are  hardly  Ukely  to  form  part  of  an  extemporised  place. 

543.  Concealment  of  the  defences  and  communications  will  Concealment, 
often  be  found  a  difficulty  with  provisional  works.     Freshly- 
turned  earth  is  often  very  visible.      In  new  places  there  will 

be  no  lines  of  trees  or  hedges  cultivated  in  positions  where  they 
will  hide  anything  going  on  behind  them.  It  only  remains  to 
make  the  best  of  what  one  has,  and  to  use  field  or  siege 
expedients.  If  the  site  for  a  work  is  grassy,  the  turf  should  be 
cut  and  laid  aside,  to  be  replaced  on  the  nnished  parapet.  In 
general,  an  earthwork  should  be  made  to  resemble  the  sur- 
roimding  ground.  A  little  surface  soil  from  the  neighbourhood 
spread  over  it  will  give  the  local  weeds  a  chance,  of  which  they 
will  not  be  slow  to  avail  themselves  in  the  spring-time. 
Bushes  may  be  cut  and  piled  in  front,  or  even  in  some  cases 
be  plantedl  Sand-bags  used  for  loopholes  should  be  tanred  or 
painted. 
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544.  It  will  be  found  difficult  to  employ  the  more  complete 
means  of  observation  and  of  directing  fire  in  a  new  place.  This 
will  not  be  the  case  in  adding  to  an  existing  fortress,  when  it 
will  only  be  necessary  to  include  the  new  works  in  any  system 
which  has  been  already  worked  out  for  the  old  ones ;  but  in  a 
new  one  the  necessary  surveys  may  not  exist,  and  the  calcula- 
tions will  take  time  to  make.  However,  at  least  the  ground  in 
front  of  the  forts  should  be  carefully  reconnoitred,  and  all  the 
likely  places  for  the  enemy's  works  noted,  and  the  bearings  and 
distances  to  them  recorded.  View  sketches  of  the  ground 
should  also  be  made,  and  the  ranges  to  marked  points  deter- 
mined. Base  lines  can  also  be  measured  and  points  established 
for  the  observation  of  fire  with  theodoUtes  or  plane  tables. 

The  defenders  should  endeavour  to  gain  as  much  advantage 
as  they  can  from  the  fact  that  they  are  beforehand  with  the 
attack,  and  have  the  ground  to  themselves  for  a  time.  A 
thorough  knowledge  of  the  topography  will  often  enable 
them  to  divine  the  besieger's  movements  and  to  devise  counter 
attacks. 

545.  Electric  communications  are  rapidly  extemporised  if 
the  necessary  wires  and  instruments  can  be  procured,  which 
will  usually  be  the  case  in  England,  and  very  often  be  the  case 
in  the  colonies. 

546.  As  to  accommodation  for  the  troops,  they  will  have 
to  be  either  quartered  on  the  inhabitants  or  supplied  with 
tents,  huts  or  field  casemates,  according  to  the  circumstances  of 
the  case.  Probably  all  these  methods  will  be  in  use  simul- 
taneously. 

Water  supply  will  often  give  trouble.  Springs  will  have  to 
be  sought  for,  catch-pits  or  tanks  made,  and  pumps  set  up. 
Sometimes  pipes  may  be  laid  from  the  point  of  supply  to  the 
camping  grounds. 


91 


CHAPTER  V. 

HISTOMOAL  DEVELOPMENT  OF  PERMANENT  FORTIFICATION. 


PaH  I. 


Section  1. — Introductory. 

575.  The  priaciples  of  fortification  may  be  stated  and  applied  R^jasons  for 
without  entering  upon  the  history  of  its  development.     But  the  ^^^  ^tudy  of 
study  of  this  history,  though  of  secondary  importance,  is  never-  "^^^  syitems. 
theless  no  mere  matter  of  curiosity.     It  helps  the  understanding 
of  the  principles  to  see  how  they  have  been  applied  at  difiFerent 
times  and  under  various  conditions ;  and,  moreover,  past  systems, 
however  faulty,  cannot  be  considered  as  altogether  obsolete,  and 
of  no  practical  interest  to  the  military  engineer,  so  long  as  the 
fortresses  constructed  according  to  them  still  play  an  active 
part  in  national  defence.     One  of  the  chief  sieges  in  the  war  of 
1870  was  the  siege  of  Strassburg,  and  this  was  directed  against 
an  enceinte  of  the  sixteenth  and  seventeenth  centuries,  reinforced 
by  outworks  in  the  eighteenth.     Some  of  the  more  important 
systems  of  the  last  200  years  will  therefore  bo  described  in  the 

E resent  chapter ;  but  an  outline  must  first  be  given  of  the  earlier 
istory  of  modern  fortification. 

Mediasval  Fo^'tijication. 

676.  The  walls  of  fortified  places  in  the  Middle  Ages  con-  Medi»Tal 
eisted  of  curtains  and  towers ;  the  cuiiiains  high  enough  to  make  fonification. 
escalade  diflicult,  and  with  a  width  of  2  or  3  yards  only  at  the 
top,  made  up  of  the  battlemented  parapet  wall  with  a  narrow 
path  behind  it ;  the  towers  higher  and  more  massive,  projecting 
m  front  of  the  curtain  and  flanking  both  the  face  and  the  top 
of  it.* 

"  The  Ancients,"  says  Vegetius,  **  did  not  think  it  well  that  Flank 
the  wall  enclosing  a  place  should  be  carried  straight,  and  so  lend  defence, 
itself  to  the  blows  oi  the  battering  rams,  but  preferred  to  make 
it  alternately  salient  and  re-entenng,  and  built  numerous  towera 
at  the  angles.    Hence,  if  any  one  attempts  to  bring  up  ladders 

*  The  character  of  meduDTal  fortifications  and  the  methods  of  attack  and  defence 
h&Te  been  described  with  admirable  Tiyidneas  by  M.  VioUet-le-Duo  in  his  **  Militaiy 
Arohitectore  of  the  Middle  Ages,"  and  his  *'  Annals  of  a  Fortress." 
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or  engines  against  a  wall  so  constructed,  he  is  hemmed  in,  and 
assdled  not  only  in  front,  but  also  on  the  flanks^  and  almost  in 


rear. 


Consequently,  besiegers  preferred  to  attack  acute  salients, 
which,  owmg  to  the  short  range  of  the  engines  for  hurling  pro- 
jectiles, were  necessarily  ill  flanked.  While,  therefore,  such 
wvlient  angles  were  avoided  as  much  as  possible  in  fortifying  a 

f)lace,  where  they  were  unavoidable  the  corner  tower  was  made 
arger  and  higher  than  others ;  its  front  was  made  to  jut  out- 
■^^'^ards  so  as  to  form  a  horn  or  beak,  offering  greater  resistance 
to  the  ram  or  sap,  and  admitting  of  better  defence  from  the 
curtains ;  obstacles  were  multiplied  in  front  of  it,  and  arrange- 
ments made  for  retrenching  in  rear  of  it  in  case  of  its  capture. 

But  while  the  value  of  an  enveloping  fire,  and  the  importance 
of  seeing  the  walls  to  their  bases  were  fully  appreciated,  the 
facilities  which  the  slight  stone  parapet  gave  for  a  vertical 
defence  made  constructors  comparatively  careless  about  a  strict 
lateral  defence.  There  was  not  much  difficulty  in  keeping  a 
watch  Irom  the  battlements  upon  what  was  going  on  down 
below,  or  in  pushing  over  stones  and  timber ;  and  overhanging 
wooden  hoardings  or  stone  machicolations  made  this  surveil- 
lance and  defence  easier  and  more  thorough.  It  was  only  when 
improvements  in  the  besiegers'  missile-engines  made  overhang- 
ing works  less  secure  from  destruction,  that  it  began  to  be 
thought  worth  while  to  occupy  and  loophole  the  lower  parts  of 
the  towers. 

577.  Various  methods  were  employed  by  besiegers  in  those 
days  for  making  their  way  into  a  place.f 

First,  escalade  might  be  tried,  and  the  slight  effect  of  small 
missiles  on  men  wearing  armour  made  this  much  less  hazardous 
than  in  modem  times.  If  it  were  unsuccessful,  or  not  worth 
trying,  engines  might  be  made  to  destroy  the  overhanging 
works,  and  the  ditch  might  be  filled  up ;  then,  under  cover  of 
a  hail  of  arrows,  escalade  might  be  tned  again. 

If  it  were  still  impossible,  cats — little  wooden  houses  on 
wheels,  already  perhaps  used  to  give  cover  to  the  men  who 
filled  up  the  ditch,  might  be  moved  up  to  the  wall,  as  a  shelter 
for  pioneers  with  picks  and  bars,  or  for  the  battering  ram,  which 
was  still  occasionally  used. 

Or  the  besieger  might  resort  to  mining,  and  carry  galleries 
under  the  walls,  either  with  the  object  of  making  a  breach,^  or 
to  open  an  unsuspected  passage  into  the  place. 


•  De  re  militari.    B.  IV,  ch.  2. 

t  See  "  Le  Pass^  et  TAyenir  de  I* Artillerie,"  by  Napoleon  III,  tome  2. 

i  This  mode  of  attack  is  mphicallj  described  hy  Christine  de  Pisan,  in  her 
**  Book  of  Fayttes  of  Arms  and  of  ChjYt^hje"  'which  was  written  in  the  beginning 
of  the  15  th  centuTT :  — 

"  If  undermining  seemeth  him  good,  good  workmen  that  can  skill  shall  be  set  to 
work  for  to  delye  up  the  earth,  and  they  shall  begin  so  far  that  they  of  wiiihin  shall 
not  by  no  way  see  the  men  that  bear  out  the  earth.  And  so  deep  shall  the  mine  be 
made  that  it  shall  pass  under  the  ditches,  which  shall  be  nndersbored  with  good 
timber,  till  hat  they  come  to  the  foundments  of  the  walls  or  lower ;  and  by  this 
manner  of  way  ther  shall  find  the  means  to  enter  it,  if  gainsaid  be  not  done  to  it. 
And  while  this  undermining  is  adoing,  the  wise  captain  ought  not  to  be  still,  leet 
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Or,  lastly,  lie  might  make  a  wooden  ttnver  or  beffroi  of  many  BeflVoif. 
stories,  overtopping  the  wall,  and  move  this  forward  on  rollers 
along  a  causeway  made  across  (he  ditch ;    so  that  his  archers 
might  drive  the  defenders  from  the  curtains,  and  even  from  the 

Elatforms  of  the   towers.     Then   the  men-at-arms   might   be 
tnded  on  the  top  of  the  wall,  or  it  might  be  breached  at  the 
bottom. 

But  all  these  means  were  very  inadequate  to  deal  with  Blockade, 
fortresses  strong  by  natm'e  and  art,  And  defended  by  resolute 
men.  In  such  cases  besiegers  were  usually  driven  either  to 
raise  the  siege,  or  to  rely  upon  starving  out  the  garrison  by  a 
blockade,  a  thing  which  the  conditions  of  military  service  in 
those  days  made  it  difficult  to  maintain  for  many  months. 

578.  It  was  the  feudal  castles,  rather  than  the  cities,  that  Feudal 
most  often  defied  capture.  Cities  were  more  amenable  to  <*>*^1®*- 
blockade,  and,  besides,  their  sites  had  not  usually  been  chosen 
with  a  single  eye  to  defence.  The  castles  were  placed  on  com- 
manding bluffs,  or  spurs,  with  steep  slopes, altogether  inaccessible 
by  the  engines  of  tue  besieger,  and  were  usually  approachable 
only  on  one  side,  perhaps  by  a  narrow  ridge. 

The  difficulty  of  breaching  or  escalading  their  walls  led  The  gates, 
besiegers  to  address  themselves  to  the  gatec^,  and  to  endeavour 
to  penetrate  there  either  by  force  or  surprise,  in  spite  of  the 
obstacles  accumulated  at  these  points.  Hence,  when  men  wished 
to  convey  a  high  idea  of  the  strength  of  a  place,  they  said  it  had 
only  one  or  two  gates.  "  We  are  strucK,"  says  M.  VioUet-le- 
Duc,  *'  when  we  study  the  system  of  defence  adopted  from  the 
twelfth  to  the  sixteenth  century,  with  the  care  taken  to  guard 
against  surpi-ise  ;  all  kind  of  precautions  are  taken  to  an*est  the  . 
progi-ess  of  the  enemy,  and  to  embarrass  him  at  every  step,  by 
complicated  aiTangements  in  the  plan,  and  by  turns  and  checks 
which  it  was  impossible  he  could  foresee.  It  is  evident  that  a 
siege,  before  the  invention  of  cannon,  was  never  really  serious, 
either  for  the  besieged  or  the  assailants,  except  when  it  became 
a  hand-to-hand  contest.'* 

Step-by-step  defence  and  vertical  defence  are  the  two  leading  Proper  of 
characteristics  of  mediaeval  fortifications,  and  its  progress  is  ^J^^^n 
chiefly  to  be  marked  in  the  increasing  skill  and  intricacy  of  the 
arrangements  for  bringing  the  enemy  to  a  check  again  and 
again,  whether  he  penetrates  by  the  gates  or  the  walls,  and  in 
the  increasing  solidity  of  construction  of  the  machicolations,  and 
the  greater  height  to  which  they  are  raised,  so  as  to  be  out  of 


thej  of  withii]  feel  or  undentand  by  their  soout-watch  the  laid  underminert,  but 
shall  trouble  and  rex  them  with  direrA  and  continual  assaultn,  bo  that  the  noiae, 
the  doing,  and  the  bruit,  shall  stop  their  hearing.  For  strokes  of  crossbows  thicker 
than  flies,  bombards,  and  guns,  witli  the  horrible  sound  of  their  stones  cast  against 
the  walls,  the  noise  of  the  assaulters,  the  sounds  of  trumpets,  and  the  fears  that 
they  hare  of  them  that  climb  up  Uie  ladders,  shall  gire  them  enough  to  do,  and  so 
they  shall  not  be  little  occupied.  Item,  and  if  it  hap  that  the  said  miners  may 
pierce  the  walls  without  they  be  perceired,  they  shall  soon  set  on  fire  aU  the  timber 
tad  shores  that  they  hare  set  under  the  widls,  which  shall  then  break  and  fall  down 
all  at  once,  and  thus  shall  enter  the. town  the  men  of  arma.'* — (Caxton's  tranilation, 
WMtnuDaler,  1480.) 
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mnge  of  the  engines  of  the  attack.  At  the  keep  of  Coiicy  pro- 
vision was  made  for  two-storied  hoarding  at  a  height  of  nearly 
200  feet  above  the  bottom  of  the  moat.* 

579.  Cannon  were  used  in  warfare  before  the  middle  of 
the  fourteenth  century.  The  entries  in  the  public  accounts 
show  that  in  1347,  four  days  after  the  battle  of  Crecy, 
Kdward  III,  when  marching  for  Calais,  sent  ordere  for  all  his 
"  engines  and  guns,  shot,  barrels,  saltpetre,  sulphur,  and 
])Owder  '*  to  be  shipped  fpr  Calais-f  From  that  time  forward 
frequent  mention  is  made  of  them,  and  they  were  used  in  large 
numbers;  but  for  the  next  30  years  they  were  of  small  size, 
and  their  projectiles — ^usually  lead  or  stone  shot,  sometimes 
aiTows — were  altogether  without  effect  against  walls. 

Towards  the  end  of  the  fourteenth  century,  bombards  of 
large  calibre,  built  up  of  bars  held  together  by  rings  of  wrought 
iron,  were  introduced.  These  threw  stone  shot  of  several 
hundred  pounds  weight,  which  produced  gi'eat  effect  on  the 
walls  wherever  they  happened  to  strike ;  but  the  badness  of 
the  powder,  and  the  weakness  of  the  guns,  made  the  shooting 
too  uncertain  for  systematic  breaching. 

For  some  time  afterwards,  in  fact,  cannon  was  of  more 
advantage  to  the  defence  than  to  the  attack.  The  besieged 
profited  by  the  lighter  and  handier  pieces  in  repelling  assaults, 
and  had  no  need  of  the  large  ones.  The  besieger  had  to  bring 
with  him  a  train  of  pieces  often  difficult  to  obtain,  and  difficult 
to  transport ;  whereas  the  old  engines  could  be  made  oq  the 
spot.  The  besieger  usually  directed  his  fire  upon  the  gates 
rather  than  upon  the  walls,  and  to  protect  these  it  soon  became 
customary  to  throw  up  bulwarks,  or  *'  boulevards,"^  of  earth 
and  gunports.  and  timber  in  front  of  them.  This,  and  the  sUght  enlargement 
of  the  arrow-slits  required  to  convert  them  into  gun-ports,  were 
the  only  modifications  that  artillery  for  some  time  gave  rise  to. 


Atfini 
faTourable  to 
the  defence. 


Bulwarks 
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power  of 
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Transition  to  Modem  Fortification. 

580.  But  the  improvements  in  the  constiiiction  of  guns  and 
of  their  caniages,  and  the  substitution  of  cast-iron  for  stone 
shot,  in  the  latter  part  of  the  fifteenth  century,  made  artillery 
much  more  formidable.  The  brothers  Bureau,  to  whom  these 
improvements  were  chiefly  due,  provided  King  Charles  VII 
with  a  tmin  of  ordnance  which  astonished  his  contemporaries, 
and  hastened  the  expulsion  of  the  English  from  France  ;  and 
when  Charles  VIII  invaded  Italy  in  1494,  with  a  siege  train 
still  further  improved,  the  rapid  fall  of  places  before  him  showed 
the  Italians  that  the  day  of  the  old  fortification  was  past. 
"  They  were  planted  against  the  walls  of  a  town  with  such 
speed,"  says  duicciardini,  "  the  space  between  the  shots  was 


•  VioUet-le-Duc,  p.  XIO. 

t  See  Brackenburj,  "  Ancient  Cannon  in  Europe." —  (Proceedings  of  tlie  Bojal 
Artillery  InBtitiition,  toIs.  4  and  5.) 

(  From  the  German  boll-werk,  work  made- of  tmnks  of  trees. 
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80  little,  and  the  balls  flew  so  quick  and  were  impelled  with 
such  force,  that  as  much  execution  was  done  in  a  few  hours,  as 
formerly,  in  Italy,  in  the  like  number  of  days." 

581.  A  few  years  later,  in  1503,  a  fresh  disclosure  was  made  U»e  of 
of  the  effect  of  gunpowder,  when  Peter  of  Navarre  firat  success-  P<!^.<*«'  ^" 

j  fully  made  use  of  it  for  military  mining  (see  para.  895.)  mining. 

I  How  much  contemporaries  were  impressed  with  this  new  Influence  on 

danger  may  be  seen  in  Machiavelli's  writings.     In  his  dialogues  *^®  ^^  ^^ 
on  the  "Art  of  War"  (written  about  1520)  he  says,  «  speaking  P*"""^®*- 
of  places  strong  by  nature,  that  for  this  they  must  in  these 
times  either  be  surrounded  by  fens,  or  perched  on  a  rock,  for 
those  that  stand  upon  hills  that  be  not  much  difficult  to  go  up, 
be  now-a-days  considering  the  artillery  and  the  caves  (sciL 
mines)  most  weak."     The  remedy  for  the  latter  is  "to  build  in    *  , 
the  plain,  and  to  mak#  the  ditch  that  compasseth  the  city  so 
deep  that  the  enemy  may  not  dig  lower  than  the  same  where 
he  shall  not  find  water,  which  only  is  enemy  to  the  caves."* 

This  seems  to  strike  the  keynote  of  modem  fortification. 
The  bold  heights  whose  steep  slopes  gave  security  against  tlie 
cat,  the  beflfroi,  and  the  trebuchet,  could  give  no  such  security 
against  the  cannon  shot ;  and  the  new  dangers  of  the  mine 
made  it  necessary  to  come  down  from  the  hills,  and  to  seek 
safety,  not  by  rising  above  the  ground,  but  by  sinking  into  it. 

582.  But  besides  the  question  of  site  there  was  the  question  Influence  on 
of  construction,  which  was  urgent  enough  to  engage  the  atten-  *^^«  conBtamo- 
tion  of  statesmen  as  well  as  soldiers,  and  to  occupy  the  minds  ^^^^  ^  piaoes. 
of  some  of  the  best  artists  of  the  Renaissanccf     In  fortification, 
as  in  every  other  art,  the  Italians  took  the  lead,  instructed  by 
the  wars  of  which  their  country  was  so  long  the  scene,  and 
stimulated  by  the  calamities  attendant  on  them. 

**  If  the  walls  be  made  high,"  says  MachiavelK,  **  they  be  too 
much  subject  to  the  blows  of  the  artillery ;  if  they  be  made  low 
they  be  most  easy  to  scale."  How  to  escape  this  dilemma  was 
the  problem  to  be  solved,  and  the  solution  was  sought  in  three 
different  directions : — 

(1)  By  retrenching  the  wall. 

(2)  By  strengthening  it. 

(3)  By  shielding  it  by  works  outside  of  it. 

583.  The  fii-st  method,  according  to  which  a  ditch  was  dug  Retrencli- 
and  an  earthen  bank  thrown  up  at  some  distance  behind  the  ment«- 
wall,  often  proved  very  effectual  with  a  stout  gairison,  as  at 
Padua  in  1509.    But  there  was  not  always  room  for  such  a 
retrenchment;    and  in  any  case,  whatever  its  value  when  a 


•  Withorn'e  Translation,  London.  1573. 

t  The  TTork  of  fortress-building  'vras  at  that  time  far  from  being  a  special 
profession.  It  feU  to  civil  architects  as  one  branch  of  their  business,  and  was  so 
undertaken  bj  Bramante,  Michael  Angelo,  San  Michele,  and  others.  As  the  term 
engineer  implies,  it  was  for  the  machines  and  contrirances  required  in  sieges,  ratlier 
than  for  the  designing  of  permanent  works,  that  the  need  of  a  special  class  of  men 
was  first  felt.  Leonardo  da  Vinci,  in  his  letter  commending  himself  to  L.  Sforza 
for  employment  in  this  capacity,  lajs  chief  stiess  on  his  cunning  oon^yaiioes. 
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breach  was  formed,  it  was  important  that  the  main  wall  should 
resist  breaching  as  long  as  possible. 

584.  The  best  means  of  strengthening  walls,  whether  old 
or  new,  were,  therefore,  carefully  sought  for.  At  Padua,  the 
defendei's,  besides  making  a  continuous  retrenchment,  backed 
up  their  walls  with  earth  revetted  on  the  inside  with  timber ; 
and  this  was  a  common  arrangement.  The  earth  backing 
deadened  the  vibration  of  the  wall,  which  compromised  its 
stability  more  than  the  actual  destruction  caused  by  the  shot. 
But  it  was  essential  that  this  backing  should  not  be  of  loose 
earth,  exerting  a  heavy  outward  thrust  upon  the  wall ;  and  it 
was  carefully  carried  up  in  well-rammed  layers  of  small  thick- 
ness, with  trunks  of  trees,  or  brushwood,  or  sods,  between  them. 
This  was  termed  to  rampair  (remparer)/i  wall,  and  hence  the 
mass  was  called  a  rampai^. 

For  the  wall  itself  various  methods  of  construction  were 
adopted  in  new  works.  Some  euginesrs  relied  upon  mere  bulk 
of  masonry,  others  more  skilfully  disposed  their  material  in  a 
comparatively  thin  face  wall  with  long  counterforts,  and  othera 
again  had  recourse  to  arched  constniction.  The  face  of  the 
wall  was  usually  scarped  or  sloping:  at  the  lower  part,  and 
vertical  at  the  upper  part ;  but  sometimes  this  was  reversed  to 
make  shots  ricochet,  and  to  make  escalade  more  difficult ; 
sometimes,  too,  it  was  wholly  vertical,  and  sometimes  wholly 
inclined.  The  counterforts,  commonly  vertical,  were  occa- 
sionally horizontal,  serving  as  substitutes  for  the  more  perish- 
able layers  of  brushwood  in  the  rampart.  Arches  were  not  only 
turned  between  the  counterforts,  but  the  face  wall  itself  was 
sometimes  built  up  of  them,  ring  above  ring. 

The  use  of  arches  obviously  lent  itself  to  the  formation  of 
vaulted  chambers,  available  for  shelter  or  for  active  defence, 
and  in  the  work  of  the  famous  artist  and  engraver,  Albert 
Durer,*  published  at  Nuremberg  in  i527,  we  find  this  appli- 
cation made  in  a  remarkable  way.  He  is  thought  to  have  been 
the  first  to  adopt  what  is  now  the  recognised  principle  of  all 
counter-arched  revetments,  that  the  axis  of  the  arch  should  be 
perpendicular  instead  of  parallel  to  the  face  of  the  wall,  and 
should  have  no  thrust  or  dependence  upon  it.  But  long  before 
his  time  it  had  been  not  uncommon  to  form  a  gallery  behind 
the  wall  at  its  base,  to  allow  the  besieged  to  watch  for  the 
enemy's  miner,  and  to  countermine  as  soon  as  he  was  heard. 

585.  But  whatever  might  be  effected  by  skilfulness  or 
solidity  of  construction  in  the  wall  itself  or  the  rampart  behind 
it,  more  hope  lay  in  the  provision  of  a  screen  for  it.  To  sink  it 
in  the  ditch  was  the  most  obvious  step.  Earth  was  needed  for 
rampart-making,  and  the  ditch  which  had  hitherto  been  only 
an  occasional  feature  in  fortifications,  valuable  chiefly  as  a 
hindrance  to  the  bringing  up  of  engines,  became  henceforward 
essential  and  characteristic.  It  began  to  be  recognised  that 
**  ditches  are  the  first  and  the  strongest  defences  of  fortified 


*  "  InetmctionB  for  the  Fortif  jing  of  Citiei,  Caitlea  and  Towns/ '    A  French 
translation,  bj  Captain  Bathe  au,  was  published  in  187&. 


tNTllODUOTORY.  97 

places  '^  (MacliiaYelli).  But  old  walls  could  not  be  fiunk  out  of 
sight,  and  even  with  new  works  there  was  great  reluctance  to 
sacrifice  high  command.  To  use  some  of  the  earth  dug  out  aijioiB. 
from  the  mtches  to  form  banks  to  shield  the  walls,  was  the 
only  way  to  reconcile  protection  with  command  ;  and  in  Italy 
the  raised  glacis,  with  the  covered  way  behind  it,  was  early 
developed.  It  is  to  be  found  in  the  designs  of  Francesco  di 
Giorgio  Martini,*  an  architect  of  Sienna,  who  died  in  1506  (see 
Fig.  5,  PL  CXX). 

Apart  from  the  protection  of  the  wall,  the  glacis  and  Berdtted 
covered  way  necessanly  followed  upon  the  deepenmg  of  the  «>™>*«»<*'P* 
ditch,  and  the  revetment  of  the  coimterscaxp.  Counterscarps 
of  masonry  were  not  unknown  in  medisdval  fortresses,!  Ijut 
they  were  rare ;  and  as  the  ditch  was  seldom  deep  it  served 
as  a  covered  way.  When  their  more  general  adoption,  as  the 
ditch  grew  deeper,  hindered  any  free  ascent  from  the  ditch  to 
the  outside,  the  importance  of  converting  the  patrol  road 
which  ran  along  the  the  top,  into  a  covered  way,  was  quickly 
recognised. 

Maggi,  an  engineer,  who  wrote  in  1564,  recommends  that  The  ooyered 
it  should  be  made  8  to  10  yards  wide,  with  a  wall  outside  of  it  ^•y* 
but  rising  slightly  above  it  He  advises  that  the  slope  of  the 
glacis  should  be  prolonged  till  it  is  9  or  10  feet  below  the 
surface  of  the  natural  ground,  so  that  the  enemy  may  find 
himself  checked  by  a  sudden  drop  within  good  harquebus 
range,  and  if  he  jumps  down  may  not  easily  be  able  to  get 
back  again.  The  covered  way  and  glacis  (or,  as  they  were 
often  collectively  termed,  the  counterscarp)  had  commonly 
some  such  obstacle  in  front  of  them. 

586.  But  there  was  another  mode   of  partially  screening  Brajw. 
the  main  wall  which  was  largely  adopted,  namely^  by  brayes 
and  bulwarks  in  the  ditch. 

The  brayes,  while  adding  a  fresh  obstacle  to  assault,  at  the 
same  time  tarnished  a  lower  tier  of  fire ;  and  the  latter  seems 
to  have  been  their  earlier  purpose.  In  mediaeval  places  there 
had  been,  either  at  the  base  of  the  walls,  or  beyond  the  moat, 

{)laces  of  arms  guarded  by  a  wall  or  stockade,  and  termed  the 
ists  or  bayles.  These  sometimes  formed  a  lower  enceinte,  the 
value  of  which  became  greater  as  the  main  enceinte  showed 
itself  less  able  to  withstand  the  besieger^s  cannon.  In  deepen- 
ing ditches  it  was  not  safe  to  excavate  close  up  to  the  old 
walls ;  so  the  new  ditch  was  usually  carried  in^  front  of  the 
lower  Ime,  whether  this  had  already  a  ditch  behind  it  or  not. 
This  lower  line  became  a  cover  to  the  lower  part  of  the  walls, 

*  "Trsttato  di  An^bitefchira  Civile  et  Militare.**  A  noUoe  of  thiB  work,  with 
Bome  extracta  from  it  is  giren  in  the  OoTpe  Pfeipen  of  the  Boyal  Engineen,  bj 
Oaptain  Tyldon,  B.E. 

t  Christine  de  Pisan  refers  to  them : — "  Also  ought  the  ditches  to  be  so  deep^ 
and  so  large,  that  they  be  not  of  light  filled  by  the  enemies.  And  some  ancients 
made  them  in  old  times  past  to  be  masoned  as  a  wall  upright  at  the  without  forth 
side,  so  that  one  mieht  not  descend  himself  adown  theieiu,  and  yet  with  this  they 
strak  fuU  thick  all  downward  the  waU  with  sharp  hooks  and  pins  of  iron  that  men 
caU  caltraps,  that  let  right  sore  them  that  go  down/*    (Cazton's  translation.) 

(8250)  H 
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especially  if  it  was  banked  up  with  some  of  the  excavated 
earth,  and  the  term  "  braye  "  (probably  from  braccse,  breeches) 
seems  to  have  been  applied  to  it  on  that  account.  Where  it 
was  close  to  the  wall,  with  no  ditch  •  intervening,  the  cover 
afforded  was  more  apparent  than  real ,  and  hence,  it  has  been 
supposed,  such  a  line  came  to  be  called  th  fausse-braj/e* — B,  term 
that  contmued  in  use  long  after  braye  had  been  superseded.  At 
Augsburg,  and  other  places,  well  flanked  fausse-brayes  were 
formed,  and  sometimes  these  seem  to  hare  gradually  oeveloped 
into  the  principal  enceinte. 

Bulioirlu.  587.  Bulwarks  to  cover  the  gates  were,  as  already  men- 

tioned, the  earliest  provision  made  against  cannon;  and  the 
same  protection  was  also  sometimes  given  to  towers.  They 
were  massive  earthen  banks  about  8  feet  high,  revetted  witn 
wood  or  hurdle  work  with  ditches  in  front  of  tnem ;  open  field- 
works,  in  fact,  of  strone  profile.  Th^  were  often  capable  of 
obstinate  defence,  as  in  the  case  of  the  Boulevard  des  Tourelles 
at  Orleans  in  1428 ;  and  they  were  soon  found  also  highly  con- 
venient for  offence.  The  narrow  curtains  of  the  old  walls 
afforded  no  room  for  artillery,  and  the  towers  themselves  were 
not  well  suited  for  it.  If  the  guns  were  placed  on  the  platforms 
of  the  towers,  the  space  was  very  limited,  and  the  vaults  some- 
tunes  gave  way :  if  they  were  placed  in  the  floors  below,  the 
service  was  hindered  by  the  smoke.  High  mounds  were  made 
for  them  inside  the  walls,  where  it  could  conveniently  be  done ; 
but  often  the  best  place  for  them  was  in  the  bulwarks  outside. 
Here  they  were  able  to  flank  the  walls  and  give  a  reverse  flre 
upon  the  breaches;  and  before  long  bulwarks  be^an  to  be 
made  with  this  special  object,  and  placed  at  intervals  suitable 
for  it. 

Flank  defence        588.  It  has  been  abeady  mentioned  that  firearms  showed 

of  the  irall.      their  Value  in  defence  earlier  than  in  attack,  and  in  the  designs 

of  Martini,  referred  to  above  (para.  585),  the  flanking  of  the 
walls  is  kept  far  more  steadily  in  view  than  the  screening  of 
them  from  tiae  enemy.  Sometimes  he  adopts  a  star  trace,  or  an 
indented,  or  serrated  trace  {eee  Fig.  4^  PI.  CaX),  which  will  allow 
of  flank  defence  from  the  top  of  tne  wall.  But  more  frequently 
he  has  a  simple  polygonal  trace,  and  flanks  the  wall  by  low 
works  at  its  base,  sheltered  from  the  besiegers'  cannon. 

Caponiers  These  caponiers,  or  "  capannati,**  as  he  calls  them,  were 

evidently  developed  out  of  buttresses  (Fig.  1) ;  and  in  one  or 
two  cases,  solid  buttresses  are  shown  instead  of  them,  and  the 
wall  is  undefended*  But  in  other  cases  they  are  detached  from 
the  wall,  and  stand  in  the  middle  of  the  (fitch,  having  under- 
ground communication  to  them,  and  a  small  porch  on  the  side 
of  the  fortress,  allowing  their  defenders  to  .issue  out  into  the 
ditch  (Fig.  3) ;  or  they  are  even  placed  for  better  cover  in  an 
arched  recess  in  the  countezscarp,  opposite  the  centre  of  the 
curtain  (Fig.  2). 

*  It  leflms  possible  that  tliis  term  tust  hare  been  a  perversion  of  '*  fosse  braye." 
Castriotto,  describing  an  arrangement  be  had  seen  in  some  French  fortresses — a  loir 
detached  wall,  in  the  ditch,  masking  the  base  of  the  main  wall,  speaks  of  it  as  a 
Fosse  Bree  or  Fossa  Brea.    (Book  2,  chap.  25.)    Set  also  Pe  Yilie,  Book  1,  Qhap.  88. 
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Casemates,  as  fimall  caponiers  of  this  kind  were  then  com- 
monly called,  played  an  important  part  in  the  defence  of  several 
places  (e.g.  Padua,  in  1509,  and  Rochelle,  in  1573),  and  were 
nsed  by  many  engineers.  But  the  name  of  Albert  Durer  is  Durer. 
expressly  connected  with  them.  Combining  them  with  his 
vatdted  walls,  he  provided  for  his  ditch  a  grazing  artillery 
defence,  both  direct  and  flanking ;  and  he  stands  quite  alone 
in  the  development  he  gives  to  them,  in  the  solidity  and 
convenience  of  their  construction,  and,  above  all,  in  the  carefid 
arrangements  made  to  clear  them  of  smoke.  The  wall  is 
hollowed  out  to  allow  the  guns  to  be  run  well  forward ;  large 
smoke  flues,  3  feet  in  diameter,  are  provided ;  and  his  caponiers 
have  a  central  passage  left  open  above  (see  PL  CXXI,  which 
represents  part  of  a  circular  fort  with  connecting  lines,  to  close 
a  defile).  His  projects,  however,  were  on  too  gigantic  and 
costly  a  scale  to  be  ever  carried  out,  and  fortificatit>n  developed 
in  a  different  direction.  The  Italian  engineers  objected  to 
his  caponiers,  that  the  besieger  would  have  little  dmcultv  in 
sapping  across  the  ditch,  if  he  had  oi  Jy  to  screen  himself  from 
their  grazing  fire.  ^ 

77ie  Italian  Engineers. 

589.  To  obtain  a  more  plunging  flank  fire,  therefore,  they  Bastions, 
set  to  work  upon  the  bulwarks,  and  ti'ansformed  them  gradually 
into  the  modem  angular  bastion.  Of  this  foi-m  some  of  the 
bastions  built  by  San  Michele  at  Verona  between  1525  and  1560 
are  probably  the  oldest  surviving  examples;  but  it  appears 
among  the  later  sketches  of  Martini,  and  also  in  a  sketch  of  the 
works  constructed  by  the  Florentines  at  Pisa  in  1509.  It  can- 
not be  assigned  as  an  invention  to  any  one  man  or  one  place, 
but  was  merely  one  among  many  varieties  of  form  simulta-^ 
neously  tried.  The  word  "bastion,"  like  the.  word  *' parapet," 
denoted  originally,  not  the  shape  or  function  of  a  work,  but  the 
character  of  its  construction,  that  it  was  well  consolidated; 
and  old  writers  used  "  bastiUe,"  **  bastillon,"  and  "  boulevard " 
very  indiscriminately. 

When  the  bulwarks  were  thrown  out  beyond  the  main 
ditch,  the  Italians  gave  them  the  name  of  "  ravellini,"  or  scout- 
works  (henoe  ravelins),  and  this  name  soon  became  interchange- 
able with  **  demilune,  which,  applied  originally  to  semicircular 
outworks  guarding  the  main  entrances,  has  continued  to  be 
applied  to  the  redans  which  have  taken  their  place.  But  when 
the  bulwarks  were  near  the  main  wall,  whether  they  were 
circular  or  angular,  they  were  usually  connected  with  it  by 
flanks  defending  it,  and  the  term  "  bastion '*  gradually  became 
appropriated  to  works  thus  placed.  Most  of  San  Michele's 
bastions  at  Verona  were  angular,  as,  for  instance,  the  bastion 
del  Como  (Fig.  1,  PI.  CXXU),  which  bears  the  date  of  1530 ;  but 
one,  the  bastion  di  San  Spinto,  was  circular  (Fig.  2). 

The  flanks,  or,  at  all  events,  their  upper  tiers,  for  there  were  Flanks, 
usually  two  tiers  at  least,  were  retired,  so  as  to  be  well  sheltered 
by  the  extremities  of  the  faces  from  outside  view,  and  often 
(8250)  H  2 
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curved  so  aa  to  give  room  for  a  larger  number  of  pieces  (Fig.  1). 
The  orillon  construction  was  probably  suggested  by  the  earlv 
application  of  bulwarks  to  towers,  the  lower  stories  of  whicn 
continued  to  furnish  a  flank  fire  (see  Fig.  3,  which  shows  some 
bastions  made  by  Castriotto,  in  the. middle  of  the  sixteenth 
century,  to  strengthen  a  saUent  part  of  the  walls  of  Ser- 
moneta). 
Dtfenoe  of  Occasionally,  as  in  the  instance  thus  given,  the  flanks  de- 

the  facet.  fended  the  faces  of  the  neighbouring  bastions ;  but,  as  a  rule, 
the  intervals  were  too  great  to  allow  of  this,  and  the  flanks 
were  intended  solely  for  me  defence  of  the  curtain.  The  faces 
were  commonly  flanked  from  the  curtain,  either  from  cavaliers 
raised  behind  it,  or  platforms  projecting  from  it.  But  there 
was  a  strong  prejudice  against  acute  salients ;  it  is  expresslv 
mentioned  by  Castriotto,  in  excuse  of  those  shown  in  Fig.  3, 
that  the  narrowness  of  the  ridge  which  they  defend  forbids  an 
enveloping  attack,  and  in  ouer  caaes  it  was  often  thought 
better,  as  at  Crescentino  (Fig.  4),  to  blunt  the  saUents,  and  to 
be  satisfied  with  very  imperfect  flank  defence  for  the  laces. 
Sometimes,  as  at  Augsburg,*  the  bastions  were  shaped  so  as 
to  be  self-flanking,  and  in  the  works  built  at  Calais  by  the 
engineers  of  Henry  VIII  (Fig.  5),  just  as  in  his  coast  castles  — 
Deal,  Sandgate,  &c.,  there  is  an  attempt  to  combine  this  object 
with  the  advantage  of  curvature  both  in  plan  and  profile,  so 
that  shots  might  ^ance  off. 

Fig.  5,  PL  CXXII,  shows  the  works  of  the  east  front  of  Calais. 
It  is  taken  from  a  survey  made  in  1540.t  Some  extracts  from 
the  *  device '  for  the  new  fortifications,  which  wba  prepared  by  the 
king's  order  in  1533,  will  help  to  give  an  idea  of  the  sort  of 
changes  which  cannon  was  found  to  call  for,  in  old  places.  These 
extrsuits  will  be  confined  to  the  front  shown  in  the  figure.  The 
«  projected  works  do  not  seem  to  have  been  fully  carried  out. 

"  To  make  a  traverse  from  Beauchamp's  tower  to  Beauchamp's 
bulwark,  with  an  arch  for  the  water  to  pass  under:  the  said 
traverse  to  be  made  as  well  for  the  defence  of  the  braves,  as  for 
the  covering  of  the  sight  of  the  same,  so  as  no  man  shall  look  and 
see  along  the  said  brayes.  From  the  east  point  of  Beaachamp's  bul- 
wark to  another  poinL  that  is  between  that  and  the  drawbridge  of 
the  said  bulwark  to  be  made  round.  And  the  dove  (scil.  douve, 
bank  or  counterscarp)  at  the  end  of  the  said  brayes  there  to  be 
cut  and  avoided  away,  so  as  the  said  bulwark  may  beat  along  the 
flanks  to  Milk  Gate.  And  the  cross- wall  now  being  for  the  old 
sally  to  be  voided  and  taken  away. 

^*  Item,  Beauchamp  tower  to  be  taken  down  to  the  two  windows 
at  the  nether  end  of  the  ivys  growing  on  the  same  ;  and  the  said 
tower  to  be  massied  up  with  lime  and  sand,  stone  rubbish  and 
chalk,  and  on  the  top  thereof  to  be  a  platform. 

''Item,  the  bulwark  between  Beauchamp's  tower  and  Milk 
gate  to  be  made  so  hu^h  and  the  cannoners  thereof  raised  that  the 
same  may  beat  as  well  the  park  as  the  downs,  and  that  there  may 
be  made  upon  the  height  of  the  said  bulwark  a  platform,  if  need 
be,  witit  a  vaundmure  (*a?.  avantmur,  or  parapet  waU). 

"  Item,  between  Beauchamp's  tower  and  Dewlyn's  tower  is  6 
towers,  accounting  the  said  Beauchamp's  tower  for  one,  whereof 
3  to  be  made  massy  and  3  open,  to  beat  the  flanks  of  the  diteh. 


•  See  VioUet-le-Duo,  p.  280. 

t  Britbh  Museum,  Cottonian  collection,  Aug.  1,  vol.  2,  71. 
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^'Item,  half-way  between  Beauchamp's  tower  and  Dewlyn's 
tower,  within  the  town,  a  mount  (icd.  cavalier)  to  be  made  of 

foot  square,  for  the  beating  of  the  park,  the  pawn,  the  downs 

and  the  ooontr^  all  about  the  same. 

'*  Item,  a  hght  bridge  to  be  made  beside  the  said  mount,  out 
of  the  town,  as  well  to  give  succour  to  the  brayes,  as  to  retire  out 
of  the  same  into  the  town  as  the  case  shall  require. 

"  Item,  the  canuoners  of  the  new  bulwark  at  Milk  gate  to  be 
raised,  and  the  splays  thereof  to  be  made  as  the  king's  grace  hath 
devised,  so  as  the  same  may  beat  both  the  flanks ;  and  the  inner 
wall  of  the  said  bulwark  to  be  taken  down,  so  as  the  said  bulwark 
may  be  open  to  the^bulwark  before  the  gate. 

"  Item,  the  said  bulwark  before  the  said  MOk  ^te  to  be  made 
so  massy  that  it  be  not  bateable,  and  also  so  hiffh  in  manner  of  a 
platform  that  the  same  may  not  only  cover  and  defend  the  gate, 
and  discover  and  beat  into  and  over  the  new  bulwark  and  brayee 
into  the  park,  the  downs,  the  pawn,  and  the  coimtry  thereabout ; 
but  also  to  beat  along  the  flanks  of  the  said  brayes  for  the  defence 
of  the  inner  wall  ana  ditch. 

"  Item,  the  new  bulwark  at  Dewlyn  tower  to  be  raised  8  feet 
higher,  and  the  splays  of  the  same  to  be  made  as  the  kin^s  grace 
hath  devised ;  and  the  said  bulwark  to  be  made  farther  into  the 
banks  of  the  brayes  on  either  side,  as  the  ^und  there  well 
serveth  for  the  same  :  and  on  either  of  the  said  sides  a  new  can- 
noner  to  be  made,  the  one  to  beat  along  the  flanks  of  the  brayes  to 
Milk  gate,  and  the  other  to  Prince's  bulwark  ;  and  to  amend  the 
cannoners  along  so  as  the  same  may  in  likewise  beat  the  said 
flanks    .... 

"  Item,  that  the  ooimtermure  of  the  inner  ditch  do  go  further 
as  the  same  is  begun    .... 

"  Item,  that  round  about  the  town  where  the  wall  standeth 
upon  arches,  the  same  arches  to  be  filled  with  brick,  and  2  foot  of 
the  vaundmure  to  be  taken  down ;  and  ail  the  loops  to  be  made 
main  wall,  and  the  wall  that  men  fo  upon  now  to  be  made  as 
high  as  the  vaundmure  when  the  said  2  feet  shall  be  taken  down ; 
and  then  along  tiie  wall  splays  to  be  made  after  the  kin^s  device, 
instead  of  loops,  and  sucn  a  rampart  of  earth  to  be  laid  to  the 
wall  as  two  carts  may  go  afront  thereupon,  and  to  be  of  the  same 
height  tiiat  the  wall  (which  men  go  upon  now)  is,  or  something 
lower."* 

690.  Calais  was  taken  bv  the  French  in  1568.    The  Italian  Oartriotto  and 
engineer,  Castriotto,  who  haa  entered  into  the  service  of  Henri  ^^*W* 
II  of  France,  went  there  soon  afterwards,  and  its  new  works 
suggested  to  him  the  design  shown  in  Fig.  6  ;  which  has  been 
thought,  in  its  turn,  to  have  suggested  to  Yauban  his  tower- 
bastion  ^stem. 

Castnotto  died  at  Calais  in  1561.  His  writings  were  pub- 
lished after  his  death  by  another  engineer,  Maggi,  with  notes 
and  additions  of  his  own.t  Their  combined  work  constitutes 
the  chief  storehouse  of  information  as  to  the  ideas  and  practice 
of  the  early  Italian  engineers.  Maggi  is  at  great  pains  to  bring 
together  and  compare  the  opinions  of  dinerent  engineers  of 
reputation  as  to  the  best  dimensions  for  the  several  parts  of  a 
front.  They  diflTered  widely.  The  curtains,  some  contended, 
should  be  between  300  and  400  yards  long,  long  enough  in  fact 


*  Nichols'  "  Chronicle  of  Calaas,"  edited  for  the  Camden  Society.    London,  1846. 
t  "  DelleFoitificatione  delle  Cittll,  di  M.  Qu'olamo  Maegi  e  del  Capiton  Jaeomq 
Oftrtriotto."    Venice,  1664. 
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for  the  flanks  to  be  out  of  range  of  eacli  other ;  others  preferred 
about  200  yards,  notwithstanding  the  cost  of  the  increased 
number  of  bastions.  The  length  of  the  faces  of  the  bastions 
should  be  from  40  to  50  yards,  and  the  flanks  from  30  to  40 
yards,  the  latter  perpendicular  to  the  curtain.  The  height  of 
the  walls  should  be  between  30  and  40  feet ;  the  faces  of  the 
bastions  about  3  feet  higher  than  the  flanks  and  curtain.  In 
the  flanks,  the  floor  of  the  upper  tier  guns  might  be  about 
25  feet  above  the  ditch,  and  of  the   lower  tier  guns  about 

11  feet ;  and  below  this  again  might  be  casemates  for  a  grazing 
fire  of  harquebuses,  though  the  smoke  would  be  foand  incon- 
venient.   As  to  the  width  of  the  ditch,  opinion  ranged  from 

12  yards  to  30  yards,  and  as  to  the  depth,  from  10  feet  to 
20  feet. 

AlghiiL  591.  But  the  Italian  engineers  by  no  means  confined  them- 

selves to  working  out  the  details  of  bastioned  fronts.  They 
tried  endless  varieties  of  tenaille  and  indented  ti-aces,  many  of 
them,  in  fact,  especially  pluming  themselves  on  their  inex- 
haustible fertflity.  Fig.  1,  PI.  CXXIII,  gives  an  ingenious  com- 
bination of  tenaille  and  bastioned  traces  devised  by  Alghisi 
(1570),  which  shows  plainly  how  much  pains  was  taken  to  con- 
trive fljanks  which  it  should  be  difiicult  to  silence.  He  gives  a 
relief  of  about  50  feet  to  his  bastions,  and  74  feet  to  his  cava- 
liers, so  that  the  latter,  until  they  are  themselves  destroved, 
plunge  down  upon  the  interiors  of  their  awn  bastions,  and  form 
powerful  retrenchments  to  them,  while  they  defend  the  faces 
of  the  bastions  on  either  side  of  them.  When  the  cavaliers  are 
destroyed  the  bastions  still  afibrd  some  mutual  defence.f 

Oitadeli.  592.  Symmetrical  paper  systems  of  whatever  type  could  be 

applied  only  partially  and  imperfectly  in  remodelling  the 
d^iences  of  towns,  whose  existing  walls  had  to  be  turned  to 
account,  and  whose  accidents  of  shape  and  site  necessarily 
caused  irregularities.  But  the  comparative  weakness  of  sucn 
patchwork  made  it  the  more  important  to  provide  an  inner  line 
of  defence,  or  keep,  and  the  old  castles,  so  far  from  being 
adequate  to  this,  were  often,  as  in  the  case  of  Calais,  the  earliest 
worts  to  fall.  Citadels  were  therefore  made,  in  which  the 
garrisons  might  hold  out  after  the  town  had  been  taken,  and 
which  would  serve  the  further,  and  often  more  essential,  func- 
tion of  keeping  the  burghers  in  check.  In  the  construction  of 
these  citadels,  small,  strong,  wholly  new,  and  upon  chosen 
ground,  engineers  had  freer  scope. 

Paoiotto.  In  1567,  when  Alva  came  to  the  Netheriands,  he  brought 

with  him  a  noted  engineer,  Paciotto  d'Urbino,  who  had  afready 
built  citadels  at  Turin  and  Cambrai,  and  who  was  at  once  sent 
to  build  one  at  Antwerp.  Two  thousand  workmen  were  em- 
ployed upon  it  daily,  and  it  was  finished  in  little  more  than  a 
year  at  a  cost  of  1,400,000  florins.    It  was  reckoned  the  master- 


f  The  leading  principles  of  tlie  Italian  engineers  are  yerj  clearly  stated  in  a 
little  treatise  published  in  1554,  "  Bel  Modo  &  Fortificar  le  Oitt^/'  by  Zanohi,  of 
Fesaro. 


Fiff.  I  Alffhisis    trace'. 
Scaif;  afxmJ/  IZO yards  tol aidu 
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piece  of  the  age;  and  Yauban  himself,  a  century  later, 
eroressed  h^  admiration  of  it.  Its  designer  has  even  been 
called*  the  founder  of  modem  fortification,  as  being  the  first  to 
show,  in  actual  construction,  a  bastioned  front  with  its  several 
parts  in  due  proportion. 

It  was  a  regular  pentagon  of  400  yards  exterior  side  (Fig,  2,  Antwerp 
PL  CXXm).t  .  The  feces  of  the  bastions  were  nearly  one-third  of  ^*^1- 
this,  and  were  directed  upon  the  inner  extremities  of  the  flanks ; 
but  the  latter  were,  as  usual  at  that  time,  made  perpendicular 
to  the  curtcdn,  both  because  the  defence  of  that  line  was  most 
vital,  and  because  they  were  in  this  way  less  exposed  to  the 
besiegers'  batteries.  With  the  same  view  they  were  well 
retired — ^both  upper  and  lower  flanks — ^behind  the  shoulders  of 
the  bastions.  Two  high  cavaliers  were  made  on  each  front 
behind  the  curtain,  and  a  small  sheltered  harbour  for  boats  at 
its  right  extremity.  Inaide  there  was  store  room  and  barrack 
room  for  a  garrison  of  5,000  men  in  case  of  need. 

But  this  Bumptnous  fortifying,  however  satisfactory  to  engi-  La  Noue'g 
neers,  did  not  eucape  criticiBn]«  La  None,  the  Huguenot,  one  of  critioiBin  of  it. 
the  best  aoldiers  of  France,  says  of  itt :  ^'  The  Italians  deseire  the 
commendation'  of  being  the  first  inventors  of  divers  sorts  of 
gallant  fortifications,  which  since  they  have  reduced  into  such  an 
art  as  hath  been  esteemed  honorable,  neither  hath  it  been  of  less 
profit  to  those  that  have  dealt  therein.  And  peradventure  this 
la^  point  hath  partly  been  the  occasion  that  they  have  persuaded 
^mofm  that  sudi  and  so  manv  things  were  requisite  to  bring  a 
piece  of  wozk  to  perfection,  ana  worth/  of  them  ...  ^e 
first  place  that  nere  I  will  bring  to  view  shall  be  the  citadel  of 
Antwerp,  whei^in  we  may  say  that  nothing  hath  been  forgotten, 
either  in  wealth,  diligentse,  invention  or  plenty  of  stuff :  so  as  in 
ati^  (Shnstendom  a  goodlier  'piece  of  work  for  f ortifiioation  hath  no 
man  stieoik''  Y^t  mere  eartbworksi  he  holds,  might  make  as  good 
a  resisLauce,  At  one-tenth  of  the  cost.  Facility  for  making  strong 
retrenchments  is  the  point  he  lays  mo^t  stress  upon,  and  such 
defences  as  that  of  Bochelle  and  that  of  Haarlem,  in  1578,  went 
to  oonfino.  his  vie(w«  .. 

< 

The  German  and  Dutch  Engineers. 

593.  Tli&  long .  war  of  independence  in  the  Netherlands  Cbrman 
taught  man7  lessons  .to  military  engineers.    At  the  end  of  the  •'*8^®*"' 
sixteenth  century,  the  Italians  were  stijl  among  the  foremost  of 
these,  but  they  no  longer  stood  alone :  Germany,  Holland,  and 
France  now  began  to  produce  engineers  of  their  own. 

Of  the  Germans,  Daniel  Speckle  of  Strassbur^  is  the  most  Speckle, 
condderable.    He  was  an  architect  and  not  a  soldier;  but  he 
had  trayelied  much,  and  in  the  Netherlands,  and  upon  the 
Turkish  border,  he  had  visited  the  newest  works,  and  gathered 
the  latest  experience  of  siege  warfare.    In  1587,  a  few  months 


•  TUlenoisy,  **  SSaaai  hiBtoriga^  sur  la  Fortification." 

t  The  figure  is  takm  from  Speckle's  "  Arohiteetoni  Von  Veefctmgen."  Atber  an 
erentful  history  of  800  years^Paoiotto's  oitadel  ha*. now  been  lupeneded  bj  the 
new  and  more  adTAQced  enceinte  of  Antwerp ;  but  it  stood  a  siege  m  1832. 

t  "  PoUtioal  and  Wlitarj  Discourses/'  1687. 
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before  his  death,  he  published  a  treatise,*  in  which  he  gives 
eight  systems ;  but,  in  deference  to  the  current  taste  for  fertility 
of  invention,  he  is  carefdl  to  state  that  he  could,  if  need  be, 
give  fifty  or  more.  He  is  seen  at  his  best,  however,  in  his  first 
and  reinforced  systems,  the  latter  of  which  is  shown  in  Fig.  2, 
PI.  CXXIY.  In  these,  the  most  noticeable  points  are  the  large 
bastions,  affording  room  for  hieh  earthen  cavaliers ;  the  direct 
flank  defence  of  the  faces  of  me  bastions;  the  concealment  of 
the  masonry  from  outside  view,  notwithstanding  the  high  com- 
mand; the  indented  trace  of  the  counterscarp,  and  the  organisa- 
tion of  the  re-entering  place  of  arms  to  receive  firtillery.  The 
faces  of  the  bastions  are  rather  more  than  one-third  of  the 
exterior  side,  which  is  about  400  yards.  The  salients  are  made 
right  angles,  which,  like  many  of  his  contemporaries,  he  preferred 
even  to  obtuse  angles. 

In  the  first  system,  the  flanks  are  made  perpendicular  to  the 
curtain,  and  in  two  tiers,  like  those  of  Paciotto ;  but  inside  the 
curtain-line  they  are  obliqued  so  as  to  be  perpendicular  to  the 
faces  of  the  bastions.  The  faces  and  Abjikb  of  the  cavaliers  are 
parallel  to  the  faces  and  flanks  of  the  bastions,  powerfolly 
supplementing  their  action,  and  forming  a  commanding  retrench- 
ment in  each  bastion.  Other  cavaliers  in  the  middle  of  the 
curtain  flank  these  retrenchments,  and  also  plunge  down  upon 
the  besiegers'  batteries.  The  importance  of  cavdiers  had  been 
especially  impressed  upon  Speckle  by  what  he  had  seen  of 
sieges  carried  on  by  tne  Turks,  who  were  unsparing  ia  their 
labours  to  build  up  high  platforms  for  their  batteries.  He  gave 
the  bastion  cavalier  a  command  of  about  45  feet  over  the  crest 
of  the  bastion,  which  in  its  turn  was  about  the  same  height 
above  the  natural  ground.  Both  bastion  and  cavalier  had  long 
exterior  slopes  of  earth,  built  up  at  an  inclination  of  f.  The 
escarp  revetment  was  carried  up  only  to  the  surface,  and  was 
surmounted  by  a  chemin  de  rondes  wall,  completely  screened 
by  the  glacis.  Including  this  wall,  the  height  of  the  escarp 
was  only  24  feet,  but  the  ditch  was  assumed  to  be  a  wet  one. 
The  indented  trace  of  the  counterscarp  ^ve  the  ditch  a  width 
of  60  yards  opposite  the  shoulders,  "vraich  was  reduced  to 
30  yarcis  at  the  salient,  to  lessen  the  space  for  the  besiegers' 
batteries.  Behind  the  covered  way  there  was  a  lower  terrace, 
to  make  retreat  easier  at  the  last  moment ;  and  this  terrace  was 
swept  bv  a  grazing  fire  from  guns  in  the  flanks  of  the  re-entering 

Elace  of  arms,  ae  also  provided  a  gazing  flre  across  the  ditch 
:om  a  gallery  beyond  the  escarp  waU. 
In  his  reinforced  system  (Fig.  2),  which  he  proposes  only^  for 
two  or  three  of  the  most  exposed  fronts  of  a  town,  the  bastions 
are  detached  from  the  body  of  the  place,  and  new  bastioned 
fironts  are  formed  behind  them ;  the  faces  of  the  inner  bastions 
being  in  prolongation  of  those  of  the  outer  bastions. 

594.  At  the  time  that  Speckle  published  his  treatise,  the 
young  Count  Maurioe  of  Nassau,  who  had  been  appointed 
Captain-General  of  Holland  on  his  father^s  death  three  years 


*  "  Ardutootora  too  Yestungen."  Straaiborg,  1587. 
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before  (1584),  was  still  studjiDg  mathematics  and  fortification 
nnder  Simon  Stevin  at  Leyden ;  and  was  preparing  himself  for 
that  methodical  treatment  of  the  art  of  war,  which,  a^  appUed 
first  to  the  organisation  of  his  troops,  then  to  the  conduct  of 
sieges,  and  lastly  to  the  construction  of  fortresses,  won  him  so 
great  a  name.  "  He  loved  mathematicians  and  engineers  very 
well,"  says  his  biographer,  "  but  there  was  nobody  could  teach 
the  prince  in  that  science,  he  having  contrived  several  fine 
inventions  for  the  passage  of  rivers  and  siege  of  places,  so  that 
in  his  age  he  served  for  a  pattern  to  engineers  as  well  as 
captains." 

Hence  the  best  Dutch  writers  on  military  enffineerinff  in  the  The  Dutch 
first  half  of  the  seventeenth  century,  such  as  MaroUois,  Freitag,  ^^'^^^ 
and  Dogen,  preferred  to  stand  as  mere  exponents  of  his  doc- 
trines, or  those   of  his  brother  and  successor  Prince  Henry, 
rather  than  to  claim  originality  for  themselves. 

The  general  character  of  the  Dutch  fortifications  was  deter-  Their  general 
mined  by  the  peculiar  conditions  of  time  and  place  under  which  P™i«pl««« 
it  was  developed.  Called  upon  to  improvise  defences,  some- 
times, as  at  Haarlem,  with  the  enemy  at  their  door,  the  Dutch 
could  not  look  to  masonry  for  security,  or  take  the  new  citadel 
of  Antwerp  as  their  model.  But  water  was  everywhere  to 
their  hand,  and  wide  and  shallow  wet  ditches,  while  constituting 
the  best  of  obstacles,  were  also  the  readiest  means  of  obtaining 
earth  for  the  ramparts.  High  command  was  quite  unnecessary 
for  the  latter,  in  so  flat  a  country,  and  even  harmful.  "  If  any 
one  supposes  that  ramparts  which  exceed  the  measure  of  14  or 
i5  feet,  nere  given,  have  greater  strength  and  are  better  suited 
for  defence,  he  is  altogether  mistaken ;  for  long  experience  hath 
taught  the  contrary.  For  when  the  enemy  has  approached  to 
the  edge  of  the  ditch,  then  the  width  of  the  parapet  hinders 
active  defence  at  the  very  time  it  is  most  wanted;  for  the 
nearer  the  enemy  comes  the  more  should  active  defence  be 
resorted  to.* 

The  more  grazing  the  fire,  the  more  effective  was  it  against  Use  of  the 
every  method  of  crossing  the  ditch.  This  led  them  also  to  'aii»«-^r»7«« 
make  use  of  the  fausse-braye.  Screened  by  the  glacis  from  the 
besiegers'  view,  it  opposed  an  uninjured  front  to  his.  galleries 
when  they  broke  through  the  counterscarp,  and  it  turned  to 
account  the  wide  berm  which  was  necessary  for  the  stability 
and  for  the  repair  of  the  main  rampart. 

The  ease  with  which  the  water  obstacle  could  be  provided  MultipUca- 
led  to   the   multiplication   of   outworks    and    retrenchments;  *^'^^®*^ 
especially  as  the  greater  effectiveness  of  defence  at  close  range,  ^^  ^^^  ' 
where  hand  grenades  could  be  used,  made  a  succession  of 
narrow  belts  worth  more  than  a  wide  one.    A  wet  ditch  was 
often  provided  even  in  front  of  the  covered  way  and  glacis. 
Further,  to  make  up  for  the  absence  of  walls,  and  give  security 
against  surprise,  timber  was  turned  to  the  utmost  account;  and 
the  lines  bnsUed  with  palisades,  fraises,  stakes  and  chevaux  de 


*  ICftroUois,  "An  mnniendi  nye f ortifioatiomB,"  Hague,  1614. 
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frise.*  Carpenters  are  mentioned  as  among  the  most  valuable 
of  the  reinforcements  thrown  into  Ostend  during  its  long 
defence  (1601-4^,  and  old  ships  were  worked  up  into  the 
retrenchments  oi  Haarlem. 

595.  As  an  example  of  the  Dutch  fortification,  Fig.  1, 
PI.  CXXIV,  ^ves  a  front  of  Coevorden,  which  was  fortified  by 
Maurice  of  Nassau,  and  which,  according  to  Marollois,  "  is 
deservedly  reputed  as  the  most  renowned  and  noblest  fortress  of 
the  whole  Befgic  land ;  for  it  has  its  fausse-brayes,  its  raveh'ns, 
covered  ways,  and  everything  else  that  is  necessary  for  the  most 
complete  fortification."  Although  Ooevorden  is  a  heptagon, 
while  Antwerp  citadel  is  only  a  pentagon,  the  salients  of  the 
bastions  are  nearly  equally  acute,  for  at  Coevorden  the  pro- 
longations of  the  faces,  instead  of  falling  on  the  extremities  of 
the  curtain,  fall  near  the  middle  of  it.  The  larger  the  diminished 
angle  of  a  front,  or,  in  other  words,  the  smaller  the  re-entering 
angle  formed  by  the  prolongations  of  the  faces,  the  better, 
according  to  Marollois;  for  so  the  faces  will  see  each  other 
better.  And  with  this  object,  that  the  bastions  might  give 
reciprocal  defence,  not  merely  by  their  flanks,  but  by  their 
faces,  and  that  the  curtain,  too,  might  contribute  flank  fire,  the 
angle  of  the  salient  was  not  increased  equally  with  the  increase 
in  the  angle  of  the  polygon :  never  less  than  60°,  it  was  never 
more  than  90°.  As  the  polygon  enlarged,  the  faces  of  a  front 
became  more  inclined  to  each  other,  and  shorter  in  proportion 
to  the  curtain  and  the  flanks.  For  a  square,  they  were  made 
five-sixths  of  the  length  of  the  curtain ;  but  for  large  polygons 
two-thirds  or  three-fifths. 

Low  flanks  and  casemates  were  condemned,  for  if  they  had 
earthen  slopes  behind  them  they  cramped  the  gorges  and 
shortened  the  flanks,  and  if  they  were  made  with  masonrv  the 
splinters  did  more  harm  than  tne  enemy's  shot.  "  I  should  be 
altogether  in  favour  of  them,"  says  Maxollois,  "  if  they  could 
be  better  screened  than  has  hitherto  been  done ;  but  now  I  pass 
them  by  since  experience  has  taught  soldiers  the  mischief  of 
them.*'  One  of  the  recent  steps  in  artillery  has  been  the  intro- 
duction of  tir  en  "bricolle  or  glancing  tire,  by  which  the  besieger 
searched  out  hidden  flanks  with  shots  made  to  glance  off  the 
escarp  of  the  curtain,  and  Speckle,  to  guard  against  this,  had 
proposed  to  indent  the  masonry  of  the  escarp. 

But  if  it  was  difficult  in  any  case  to  make  sheltered  flanks, 
it  was  especially  difficult  where  these  flanks  were  required  to 
defend  wide  ditches.  The  wet  ditch,  in  fact,  plainly  gave  its 
character  to  the  Dutch  trace.  With  a  wall  for  the  obstacle,  a 
very  short  flank  well  hidden  might  be  better  than  a  longer 
flank  exposed ;  but  with  a  broad  belt  of  water,  exposure  was 
inevitable,  and  a  re-entering  front,  allowing  of  a  powerful  con- 


f\ 


*  Gheyaux  de  friBe,  or  friese-reiterBi  as  they  were  often  called  {scil.  Friealand 
jbprse)  got  their  namej  it  is  eaid,  at  the  siege  of  G-roningen,  in  Friesland ''  where  thej 
seryed  for  great  use,  by  stopping  andliindering  the  enemy's  horse,  when  they  came 
to  reLieye  tAf  tpwA."    Hedtam,  '*  Principles  <»  the  Art  Hilitaxy,"  London,  1639. 
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vergent  fire  upon  the  head  of  the  advancing  causeway,  offered 
moet  chance  of  holding  it  in  check. 

596.  The  Dutch  took  pains  to  make  the  most  of  their  Steym'd 
obstacle,  as  well  as  of  its  flank  defences.    Tl^e  management  of  ^or^<»tw>n 
water  in  the  ditches  of  fortresses,  so  as  to  prevent  their  silting    ^    ^^*' 
up  in  time  of  peace,  and  to  add  to  the  besiegers*  difficulties  by 
water  manoeuvres  during  a  siege  was  carefully  studied.     It  was 
for  the  first  time  fully  treated  of  by  Simon   Stevin,*   who 
describes  the  construction  of  dams  and  sluice-gates,  and  how  to 
place  and  to  protect  them. 

The  early  French  Engineers. 

697.  While  the  Low  Countries  were  the  great  school  of  Prenoli 
scientific  warfare,  the  civil  wars  of  Prance  gave  ample  employ-  ©^gineen. 
ment  for  soldiers;  and  there,  as  elsewhere,  the  Italians  were 
gradually  making  way  for  native  engineers. 

*'One  of  the  earliest  of  these  was  Errard  de  Bar-le-Duc,  who  Enrard  de 
wrote  a  work  on  fortification  in  1594,  by  command  of  Henri  IV.  Bar-le-Duo. 
His  chief  pre-occupation  is  for  the  security  of  the  flanks.  To 
protect  them  from  oatteries  opposite  the  curtain,  he  makes  the 
shoulders  of  his  bastions,  as  well  as  the  salients,  right-angled ; 
so  that  the  flanks  look  inward  upon  the  curtain.  And  to  pro- 
tect them  from  batteries  opposite  the  salients  of  the  bastions, 
he  sometimes  adds  rounded  orillona  He  proposes  to  attach  his 
flank  guns  by  a  long  arm  to  a  point  behind  tne  orillon,  so  that 
after  each  discharge  they  may  swing  round  out  of  view. 

698.  In  the  next  generation,  the  wars  of  Louis  XIII  formed  De  Ville. 
two  excellent  engineers — the  Chevalier  de  Ville  and  the  Comte 

de  Pagan. 

De  Ville  published,  when  he  was  only  32,  a  oomprehensive 
treatise  on  lortification  f  which  he  had  been  several  years 
engaged  upon,  and  which  was  ba»6d  upon  his  own  experience 
in  France,  Italy,  and  Holland*  The  fullness  and  faimeds  with 
which  every  point  is  treated,  the  arguments  on  both  ddes 
stated,  and  instances  adduced,  make  his  book  perhaps  a  better 
guide  than  any  other  to  the  defensive  science  of  his  time.  He 
was  not  an  inventor,  but  a  collector  and  comparer  of  other 
men's  practice. 

On  the  whole  he  leaiit  chieflv  to  the  Dutch  School,  and 
speaks  of  Goevorden  as  the  best  ifcrtified  place,  not  only  in  the 
Low  Oountries,  but  in  the  whole  of  Europe.  '  Agreeably  to  the 
custom  of  that  school  he  was  in  favour  of  making  the  prolonga- 
tions of  the  faces  of  the  bastions  fall  upon  the  curtain,  so  that 
they  might  be  partly  flanked  from  it;  and  besides  appealing  to 
the  high  authority  of  Prince  Maurice,  he  gives  as  reasons  for 
this,  that  these  curtain  (or  second)  flanks  are  more  difficult  to 


•  "  Nouvelle  Mam^ro  de  Fortification  par  Eeoliises,*'  liejden,  1618.  SteTin'i 
contributions  to  military  engineering  are  reyiewed  bj  M.  Brialmont  in  Steicken** 
memoir  of  bim  (BruBBels,  1846). 

t  "  Lee  Fortificationa  da  Oberslier  Antoine  De  Yille/'  Paris,  1628. 
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silence  than  prolongations  of  the  bastion  flanks,  and  that 
cavaliers  placed  here  are  especially  valuable. 

At  the  same  time  he  shared  the  prevailing  preference  for 
right-angled  saKents,  on  the  ground  that  these  resist  breaching 
better,  not  only  than  acute,  but  even  than  obtuse  salients, 
while  they  have  the  further  advantage  over  the  latter  that  they 
can  be  more  powerfully  flanked,  are  more  roomy,  and  more 
easy  to  retrench.  In  fact,  he  would  rather  have  a  salient  of  70° 
than  an  obtuse  salient. 

He  discusses  very  fully  the  due  length  of  the  line  of  defence, 
and  the  considerations  on  which  it  turns.  Some  would  rely  on 
artillery  flank  defence,  and  adjust  the  length  of  the  line  accord- 
ingly; for  in  that  case  they  say  that  fewer  bastions  will  be 
needed,  the  besiegers'  musketry  will  be  unable  to  keep  down 
the  flank  fire,  and  that  fire  will  be  of  the  most  powerful  kind. 
But  De  Ville,  like  Errard  before  him,  denies  that  artillery,  how- 
ever valuable  along  with  musketry,  is  to  be  depended  upon 
alone.  Guns  take  up  so  much  room,  need  so  many  men  to 
serve  them,  and  so  much  ammunition,  cause  so  much  loss  of 
time  in  replacing  them  if  they  are  injured,  and,  at  the  best,  fire 
so  slowly  and  make  such  uncertain  practice,  that  the  musket  is 
the  better  weapon  of  the  two,  and  its  efl'ective  range  should  fix 
the  Une  of  defence.  This  range  may  be  taken  at  something 
over  300  yards,  so  the  length  of  the  line  of  defence  should  be 
between  250  and  300  yards. 

He  discusses  with  equal  thoroughness  the  organisation  of 
the  bastion  flanks.  Should  orillons  be  made,  since  they  absorb 
two-thirds  the  length  of  the  flank?  The  Dutch  have  dis- 
carded them,  but  then  they  provide  outworks  which  screen  their 
flanks,  and  open  flanks  can  do  most  to  hinder  the  besiegers' 
attacks  upon  these  outworks.  Guns  can  be  mounted  on  the 
orillons,  so  that  the  space  is  not  wasted,  and  on  the  whole,  at 
all  events  for  walled  places  that  have  no  outworks,  orillonB  are 
to  be  recommended.  One  gun,  at  least,  will  be  preserved  by 
them  up  to  the  time  of  the  assault,  as  had  been  strikingly 
shown  at  the  siege  of  Hesdin  in  1639.*  After  all,  the  flank 
"is  the  arm  of  fortification,  and  should  be  clothed  and 
armoured  to  preserve  it  for  its  work."  But  the  orillon  (a 
sketch  of  which  is  given  in  Fig.  1,  PL  CXXV)  should  allow  all 
the  guns  of  the  covered  fiank  to  see  the  face  of  the  opposite 
bastion,  since  *'  one  very  seldom  attacks  a  curtain ;"  t  fi'nd  on 
this  accoimt  Errard's  trace,  which  required  very  oblique  embra- 
sures for  flanking  the  bastion,  is  to  be  condemnea ;  and  still 
more  the  proposal,  approved  by  him,  to  carry  inward  the 
counterscarp  of  the  curtain,  so  as  to  hide  the  flank  from  the 
besiegers'  lodgment  on  the  glacis  of  the  opposite  bastion. 


*  See  the  admirable  account  of  this  siege  by  De  YiUe  himself,  quoted  in  the 
"  fitudes  Bur  le  Pass^  et  I'Avenir  de  TArtillerie,'*  by  Napoleon  III,  t.  2,  p.  337. 

t  There  was  still  some  difference  of  opinion  on  this  point.  Ufano  (^'  Tratado 
de  la  Artilleria/'  1613)  preferred  to  breach  the  curtain,  whenever,  as  in  the  enceinte 
of  a  town,  the  bastions  were  far  apart.  But  Marollois  sajs  that  the  curtain,  being 
defended  on  either  hand,  is  much  more  difficult  to  attack  than  the  bastion,  especiallj 
when  it  is  ooyered  by  a  tenaille. 
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Afl  regards  casemates,  he  says : — "  Formerly  men  used  to  Objeoiionfl  to 
make  vaults  in  the  flanks,  where  the  guns  were  placed  under  <»««™»*«»' 
cover,  and  above  them  they  made  others  for  other  gims :  but 
this  has  gone  out  of  fashion,  because  of  the  great  incon- 
veniences which  have  been  found  to  result  in  such  fortresses ; 
for  after  firing,  the  smoke  so  filled  the  vaults  that  it  was  im- 
possible to  stay  in  them,  or  to  see  one's  way  to  load  again, 
whatever  air  flues  there  might  be,  besides  that  the  shock  of  the 
gun  threw  everything  out ;  and  the  enemy  firing  into  these  low 
vaults,  the  splinters  and  fragments  killea  and  wounded  those 
within,  and  m  a  few  rounds  made  a  ruin  of  them ;  then,  those 
below  being  breached,  those  above  gave  way  of  themselves. 
On  this  accoimt  these  vaults  have  been  abandoned,  and  the 
low  flanks  are  made  open.  Objections  have  been  made  to 
the  high  retired  flanks,  that  they  interfere  with  the  retrench- 
ment of  the  gorge,  and  that  they  will  be  inconvenienced  bv  the 
smoke  from  the  low  flanks,  while  the  ammunition  in  the  latter 
will  be  endangered  by  burning  wads  from  above :  but  these 
objections  cannot  weigh  against  the  advantage  of  having  a 
fire  for  the  defence  of  the  ditch,  at  once  so  commanding  and  so 
well  sheltered. 

He  is  opposed  to  very  large  bastions,  because  of  the  number  Sise  of 
of  men  reqmred  to  hold  them,  and  the  great  labour  of  retrench-  l>Mtioiu. 
ing  them.  He  considers  them  quite  large  enough  if  (with  a 
right-angled  saUent)  they  have  30  paces  of  flank  and  30  paces  of 
demi-gorge,  the  flanks  oeing  perpendicular  to  the  curtain,  and 
the  demi-gorge  measured  in  prolongation  of  it.  This  will  make 
all  the  more  cm'tain  available  for  flank  defence. 

At  the  same  time  he  is  of  opinion  that  the  ravelin  should  be  Bavellns. 
flanked  from  the  bastions,  rather  than  fi'om  the  curtain,  "  for  it 
it  is  well  that  the  ravelin  should  cover  the  flanks  where  there 
are  no  orillons,  and  where  there  are  orillons,  if  the  ravelins  are 
to  be  flanked  only  from  the  curtain,  they  must  either  be  very 
smcdl  or  very  acute,  because  of  the  great  projection  of  the  said 
orillon/'  But  the  ravelins  should  not  masK  the  faces  of  the 
bastions ;  they  should  have  salients  of  90°  or  less,  and  faces  of 
from  40  to  60  paces  long. 

He  shows  now  the  crest  of  the  covered  way  may  be  indented  Covered  way. 
or  traversed,  in  case  it  is  enfiladed  from  any  commanding  point 
outside ;  but  such  arrangements,  like  all  other  sUght  earthworks, 
should  only  be  made  as  occasion  demands. 

699.  The  Comte  de  Pagan,  after  20  years'  service  as  an  Pagan, 
engineer,  in  which  he  lost  the  sight  of  both  eyes,  set  himself 
to  amend  the  construction  of  fortresses;  since  even  "the 
strongest  do  not  hold  out  more  than  six  weeks,  the  best  cannot 
take  care  of  themselves  without  an  army  close  at  hand,  and 
one  no  longer  asks  before  attacking  T^hether  they  .are  good, 
but  only  whether  the  circumvallation  can  be  finished  before  the 
enemy  comes  up."  * 

He  hopes  to  double  the  duration  of  their  resistance,  by  the  Flanki  of 
powerful  artillery  fire  from  hii  flanks  defending  the  faces  of  the  ^^  bwtioiis. 

*  Les  Fortifications  da  Oomte  de  Pagan,"  Paris,  1646. 
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bastions.  Taught  by  the  experience  of  twenty  sieges,  he 
makes  these  flanks  perpendicular  to  the  lines  of  defence, 
instead  of  to  the  curtain.  Ridiculing  the  preference  for  right- 
angled  salients,  "  as  though  the  right  angle  had  some  special 
virtue  in  this  matter,"  he  concerns  himself  rather  to  maintain  a 
nearly  uniform  length  of  about  50  yards  for  the  flank,  alike  for 
small  fronts  and  for  large.  Of  this  he  sacrifices  only  half, 
instead  of  two-thirds  to  the  orillou,  and  upon  the  inner  naif  he 
mounts  his  guna  in  three  tiers,  4  guns  on  the  lowest,  4  on  the 
iliiddle,  and  5  on  the  upper  tier,  retiring  all  three  tiers  behind 
the  orillons  as  much  as  tne  breadth  required  for  them  and  for 
the  gorge  will  allow.  Unlike  De  Ville  and  the  Dutch  School, 
he  directs  his  lines  of  defence  on  the  inner  ends  of  the  bastion 
flanks,  and  attaches  no  value  to  curtain  flanks. 

The  trace  of  his  flanks  leads  him  to  the  other  innovation 
with  which  his  name  is  associated.  He  constinicts  his  front 
inwards  from  an  exterior  side,  instead  of  outwards  from  an 
interior  side,  as  had  hitherto  been  customary.  De  Ville  had 
previously  I'eferred  to  this  method  of  working  as  occasionally 
adopted,  but  himself  adhered  to  the  constniction  upon  an 
interior  side,  **  because  this  way  suits  irregular  fortification 
better  than  the  other,  and  as  everyone  knows  one  has  more  to 
do  with  that  than  with  regular.'  And  when  a  prince  wishes  to 
fortify  a  place,  he  proposes  to  hftve  it  of  a  certain  size  inside 
the  walls,  and  not  mside  the  bastion  salients. ''  Pagan  takes  a 
fixed  perpendicular  of  64  yards,  for  exterior  sides  varying  from 
340  to  425  yards,  thus  increasing  the  re-entering  angle  of  the 
front  as  the  front  becomes  shorter,  and  so  maintains  the  length 
of  the  flanks  without  disproportionately  shortening  the  faces  of 
the  bastions. 

He  accepts  the  musketry  limit  for  the  line  of  defence,  as  laid 
down  by  De.  Ville,  although  he  himself  builds  wholly  upon 
sheltered  artillery  flank  fire.  He  is  anxious  to  secure  this  even 
for  his  outworks,  and  in  his  **  most  perfect "  front  (Fig.  2,  PI. 
CXXV)  the  counter-guards  which  he  makes  to  cover  his  bastions 
are  converted  into  a  continuous  bastioned  envelope,  with  flanks 
in  three  tiers,  like  those  of  the  body  of  the  place. 

He  prefers  wet  ditches  to  dry  ones,  because  the  enemy  can- 
not mine  under  them,  **as  has  been  done  at  various  sieges 
when  the  artillery  of  a  flank  of  a  bastion  could  not  be  wholly 
dismounted,  which  must  apparently  be  much  more  the  case 
with  my  new  system."  But  he  would  have  a  dry  ditch  for  the 
bastion  retrenchment,  which  shoidd  be  defended  obstinately, 
hand  to  hand 

600.  Pagan's  ideas  had  great  influejice  upon  the  later 
development  of  fortification  in  France,  but  at  the  time  they 
met  with  much  opposition.  In  his .  arrangements  for  flank 
defence  he  was  thought  to  make  too  much  of  artillery,  to  expose 
his  flanks  unnecessarily,  to  exaggerate  the  importance  of  the 
bastions,  and  unduly  neglect  the  curtain. 

Between  phim  and  Yauban  there  were  no  engineers  who 
made  any  marked  advance  in  the  art  of  fortification,  or  attained 
any  great  nbtoriety.7  There  was  a  general  demand  for  instruo- 
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tion  on  the  subject  for  young  aspirants,  which  had  the  effect  of 
throwing  it  into  the  hands  of  teachers,  chiefly  Jesuit  priests, 
who  wrote  and  drew  with  facility,  but  had  no  sort  of  experience 
of  war.  These  writers  were  always  averse  to  novelties  of  which 
they  had  never  felt  the  need,  and  their  books  being  largely 
read  on  account  of  their  clearness  of  style  and  systematic 
arrangement,  did  much  to  hinder  progress. 


Section  2.— Vauban,  Cormontaigne,  and  Corhorn, 

601.  Sebastien  le  Pr^tre  de  Vauban  was  bom  in  1633,  at  Vauban. 
r  St.  Leger  de  Foucheret,  near  Avallon.    The  death  of  his  father, 

a  fyounger  son  of  a  nd^Ie  family,  while  he  was  still  a  child, 
left  him  destitute^  and  he  owed  his  education  to  the  care  of  the 
prior  of  a  neighbouring  convent.  At  the  age  of  seventeen  he 
entered  the  regiment  of  the  Prince  de  Cond6,  tiien  enea^ed 
in  alliance  wilih  Spain  against  the  party  of  the  king.  ELaving 
studied  mathematics  and  fortification  he  was  employed  as  an 
engineer,  and,  when  taken  prisoner  in  1653,  the  energy  and 
talent  he  had  already  shown  induced  Cardinal  Mazarin  to  per^- 
suade  him  to  enter  the  service  of  his  sovereign,  in  which  he 
continued  till  his  death  in  1707.  He  was  created  a  Marshal 
of  France  in  1703.  He  repaired  or  constructed  more  than  160 
places ;  took  part  in  48  sieges,  40  of  which  he  directed  as  chief 
engineer,  without  a  single  failure;  twice  defended  fortresses^ 
and  was  present  in  more  than  130  actions.''^  The  most  remaik- 
able  changes  introduced  by  him  into  the  operations  of  military 
engineers  related  to  the  attack  of  fortresses  Before  his  time 
it  had  been  thought  necessary  for  besiegers  to  throw  up  bi^h 
mounds  of  earth  for  their  batteries  in  order  that  they  might  be 
able  to  enfilade  the  guns  of  the  place.  .By  the  invention  of 
ricochet  fire,  first  extensively  employed  at  the  siege  of  Ath  in 
1697,t  Vauban  superseded  the  necessity  for  these  laborious 
works.  He  had  previously,  at  the  siege  of  Maestricht  in  1673, 
introduced  the  use  of  parallels  in  regular  succession,  to  support 
his  batteries  and  approaches ;  and  by  systematising  the  whole 
process  of  attack  he  greatly  reduced  the  duration  of  sieges,  and 
mcreased  the  certainty  of  success.  He  wrote  much^  both  on 
military  and  poUticed  subjects,  leaving  twelve  large  volumes  in 
manuscript;  out  he  publidied  nothing.  In  1704  he  presented 
to  the  Duke  of  Burgundy  a  manuscript  memoir  relating  to  .the 
attack;  and  at  the  time  of  his  death,  he  had  tiearly  completed 

•  Tillenoisy. 

t  In  the  Jonmal  of  th^  siege  of  Ath,  probably  written  by  Tauban's  nephew,  we 
are  told: — "It  was  not  without  difficult  that  M.  de  Yaubaa  prevailed  on  the 
oiBcers  of  the  train  to  lower  the  charges  of  their  great  guns,  to  batter  k  ricochet 
with  smaU  charges,  the  effects  of  whi3i  did  not  presently  appear  to  them ;  but  after 
a  good  deal  of  painstaking  they  were  at  last  reconciled  to  it.  Bonnce  and  clatter, 
and  readiness  for  action  nad  hitherto  composed  tibe  whole  merit  of  the  train  at 
sieees ;  here  the  thing  was  altered,  for  nerer  was  known  before  so  little  noise  made 
wiiK  so  considerable  a  number  of  cannon  as  were  fired  at  this  siege.''-— (G(m7ofi'# 
lf(n»otr#,  translated  by  J.  Heath,  London,  1745.) 
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another  relating  to  the  defence  of  fortresses.  These  have  been 
published,  together  with  various  extracts  from  his  other  writings. 
They  exhibit  the  science  of  attack  and  defence  nearly  as  it 
remained  until  the  introduction  of  rifled  weapons. 

In  fortification  tis  chief  merit  lay  in  his  skilful  application 
of  works  to  the  sites  to  be  fortified.  In  the  earlier  part  of  his 
career  he  expressly  disclaimed  any  title  to  having  invented 
a  system;  and  in  fact  he  merely  adapted  those  already  in 
existence.  "  One  does  not  fortify  by  systems,"  he  said,  **  but  by 
good  sense  and  experience."  What  goes  by  the  name  of  his 
first  system  is  a  mean  of  many  examples,  and  is  given  variously 
by  different  authors.*  But  in  submitting  his  project  for  Landau 
in  1687,  he  says : — ^*  I  have  taken  the  opportunity  of  this  pro- 
ject to  propose  a  system,  which,  though  it  nas  some  appearance 
of  novelty,  is  really  only  an  improvement  of  the  old.  This  is 
the  tower-bastion  system,  which,  it  has  been  thought,  may  have 
been  suggested  to  him  by  Castriotto's  design  (Fig.  4,  PL  CXXII), 
but  the  development  of  which  was  immediately  due  to  the 
reauirements  of  Belfort.  As  applied  there  and  at  Landau,  it  is 
called  his  second  system:  as  improved  afterwards  for  Neuf 
Brisach  it  is  called  his  third  system. 


Vauban's  First  System. 


Yariations. 


602.  As  illustrations  of  Vauban's  earlier  manner  two  fronts 

are  given  (PL  CXXVI) ;  one  with  straight  flanks,  simple  tenaillcf 

and  a  ravelin  without  flanks;  the  otner  with  conclave  flanks 

covered  by  orillons,  and  with  flanks  to  the  tenaille  and  to  the 

Orillons.         ravelin.     Orillons  had  gone  out  of  fashion,  but  he  re-introduced 

them  in  1678,  and  for  the  next  ten  years  almost  always  made 

use  of  them,  as  preserving  at  least  one  piece  to  give  a  reverse 

fire  upon  the  breach.    He  afterwards  came  to  the  conclusion 

that  they  were  not  really  able  to  do  this,  against  vertical  and 

Flanks  of  the  ricochet  fire,  and  this  led  him  on  to  his  later  system.     He  seems 

tenaille.  to  have  attached  much  value  to  the  flanks  of  the  tenaille,  as 

giving  a  close  and  grazing  flank  defence  to  the  faces  of  the 
bastions,  until  he  found  that  it  was  impossible  to  protect  them 
Hanks  of  the  from  being  taken  in  reverse.    He  made  flanks  to  the  ravelin,  at 
rayelin.  fi^gt  with  the  view  of  hindering  this,  by  cutting  off  the  ends  of 

the  faces  upon  which  a  besieger  might  establish  himself  in 
prolongation  of  the  flanks  of  the  tenaille ;  but  he  afterwards 
retained  them  because  thev  gave  a  useful  reverse  fire  upon 
breaches  in  the  faces  of  the  bastions. 


*  The  earliest  description  of  it  is  given  bj  the  Abb^  Pa  Fay  in  the  "  Yeritable 
mani^re  de  bien  fortifier  de  M.  de  Yauban/'— (Amsterdam,  1691  and  1702).  The 
edition  of  1702  contains  a  note  hy  Yauban  that "  ce  petit  traits  de  Fortification  ne 
contient  rien  qui  ne  soit  conforme  a  celles  qui  se  pratiquent  dans  les  places  du  Roi/' 

t  Yauban  seems  to  have  been  the  first  engineer  who  habituallv  used  a  tenaille 
in  the  main  ditch  to  coyer  the  curtain ;  but  it  had  been  mentioned  bj  Marollois  as 
an  occasional  substitute  for  a  continuous  fatuse-hrayey  and  it  is  an  obyious  dcTclop- 
ment  of  the  brajes  of  earlier  dajs.  It  was  incompatible,  howeyer,  with  the  low 
flanks  which  the  early  French  engineers  adopted.  Tenailles,  as  advanced  works, 
corresponding  to  homworks,  but  with  a  front  composed  of  two  faces  forming  a 
re-entering  angle,  were  firec^aentlj  used  bj  the  Batch  engineers. 
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603.  The  following  is  the  confltruction  of  the  simpler  trace.  Oonstnidioii. 
The  exterior  side  may  be  taken  as  384  yards  (or  180  toises),  Body  of  the 

though  Vauban  actually  varied  it  widely,  according  to  the  site.  ^^^^L*"^ 
For  hexagons  and  larger  polygons  the  perpendicular  is  one-  '^^ 
sixth,  and  the  faces  of  the  bastions  two-sevenths,  of  the  exterior 
side.  The  flanks  are  chords  of  arcs  struck  from  the  opposite 
shoulders  as  centres.  An  arc  described  with  the  same  radius, 
but  with  the  angle  of  the  flank  as  a  centre,  and  cutting  the 
perpendicular  produced  outwardly,  gives  the  salient  or  the 
ravelin ;  the  prolongations  of  the  foces  of  the  ravelin  fall  upon 
the  faces  of  the  bastions  at  11  yards  from  the  shoulders.  The 
main  ditch  has  a  width  of  38  yards  at  the  salients  of  the 
bastions,  and  the  counterscarp  is  directed  upon  the  shoulders 
of  the  adjoining  bastions.  The  ditch  of  the  ravelin  is  24  yards 
wide  throughout. 

The  tenaille  is  17  yards  wide,  and  is  separated  from  the  Tenaille. 
flanks  and  curtain  by  intervals  of  not  less  than  11  yards.  Its 
crest  is  kept  low  enough  to  allow  a  breach  at  the  shoulder  of  a 
bastion  to  be  defended  by  the  whole  flank  of  the  adjacent 
bastion,  with  artillery  fire  striking  within  12  feet  of  the  baso  of 
thie  escarp ;  and  the  main  ditch  m  front  of  the  tenaille  to  be 
defended  by  the  outer  end  of  the  flank. 

The  covered  way,  11  yardB  wide,  has  a  re-entering  place  of  Oorered  way. 
arms  on  either  side  of  the  ravelin,  with  demi-gorges  of  about 
36  yards  (measured  on  the  counterscarp),  and  faces  inclined  at 
100°  to  the  crest-h'ne  of  the  covered  way. 

Having  himself  invented  ricochet  fire,  Vauban  placed 
traverses  in  the  covered  way  as  a  security  against  it.  They 
are  made  18  feet  thick,  and  are  placed  at  the  junctions  with 
the  re-entering  places  of  arms,  and  on  the  prolongations  of  the. 
faces  of  the  bastions  and  ravelin.  Passages  are  made  roimd 
them,  having  a  width  of  7  feet  at  the  level  of  the  terreplein  of 
the  covered  way. 

604.  The  bastions  and  curtain  have  a  command  of  25  feet  Profile, 
over  the  country,  17  feet  over  the  crest  of  the  glacis,  and  8  feet 

over  the  ravelin.  The  ditches  are  18  feet  deep  throughout.' 
The  parapets  are  made  18  feet  thick,  and  have  no  exterior 
slope,  as  tne  escarps  are  full  revetments. 

'  Vauban's  full  revetments  have  usually  an  exterior  slope  of  BoYotmentf. 
five  in  one,  and  are  vertical  in  rear.  Their  thickness  at  the 
level  of  the  terreplein  of  the  rampart  is  about  5  feet ;  but  above 
this  level  they  are  made  only  3  feet  thick,  and  with  a  verticcJ 
face.  His  demi-revetments  (used  in  hiis  later  works)  are 
similarly  constructed,  the  width  at  top  being  5  feet,  plus  one- 
fifth  of  the  difference  of  level  between  tne  top  and  the  terrejplein 
of  the  rampart  To  his  escarp  walls  he  added  counteriorts^ 
about  16  feet  apart,  and  carriea  up  to  the  top  of  the  revetment. 
They  have  a  lengtii  of  three  feet  less  than  the  thickness  of  the 
wall  at  the  bottom,  wilii  a  width  at.  the  root  of  one  foot  more 
than  half  their  length,  diminished  by  one-fifth  at  their  extremi* 
ties  or  tails.  .  ^ 

To  counterscarp  revetments  he  gave  a  thickness  of  3  feet 
(8250)  I 
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3  inches  at  the  top,  and  an  exterior  elope  of  five  in  one,  but  no 
ootiitterforts. 

OnUoiifl*  The  following  is  the  trace  of  the  retired  flank  shown  in  the 

lower  half  of  PL  CXXYI.  :— 

On  fliy  the  original  line  of  the  flank,  a  length  of  17  yards  (or 
rather  less  for  squares  and  pentagons)  is  cut  off  from  /  to  i,  for  tiie 
oriUon,  so  as  to  allow  space  for  one  gun.  A  line  is  drawn 
through  %  from  the  salient  of  the  opposite  bastion,  and  produced 
11  yards  to  n.  The  line  of  defence  is  also  produced  11  yards 
beyond  hXoh^  and  the  concave  flank  hn  is  made  an  arc  of  60^ 
The  curve  of  the  orillon  is  struck  from  a  centre  »^  upon  if^  found 
by  bisecting  the  angle  between  in  produced,  and  the  face  of  the 
bastion. 

Vavhaii%  Third  Sygtenu 

^enertt  605.  Yauban's  second  and  third  systems  differ  so  slightly, 

iMcriptaon.  ^that  it  will  be  sufficient  to  describe  the  latter  only  as  being  the 
more  perfect  of  the  two.*  The  bastions  are  of  the  same  form 
as  in  the  first  system,  except  that  the  length  of  the  faces  is 
one-third  of  the  exterior  side ;  but  instead  of  forming  part  of 
the  body  of  the  place,  they  are  completely  detached  from  it. 
The  enceinte  has  small  pentagonal  tower-bastions  at  the 
angles  of  the  polygon,  the  interiors  of  ^which  ^consist  of  bomb- 

?roof  casemates  with  embrasures  for  two  guns  in  each  flank 
Fig.  2,  PI.  CXXVII).    The  top  or  platform  has  a  masonry 
Sarapet  8  feet  thick  on  the  faces  and  nanks,  and  6  feet  thick  at 
le  gorge. 
The  curtain  between  the  tower-bastions,  which  in  the  second 
system  is  straight,  is  broken  into  a  fi:ont  having  two   short 
flanks,  each  of  which  has  one  ^un  on  the  ramparts,  and  one  in 
•  a  casemate  beneath.     Vauban  had  previously  provided  small 
keeps  tor  the  ravelins,  but  the  ravelin  is  here  made  sufficiently 
larffe  to   contain  a  strong  keep,  with  an   earthem  parapet, 
ana  a  revetted  scarp.    Both  the  ravelin  and  its  keep  have 
flanks,  to  afford  additional  defence  to  the  main  ditch,  and  to 
bring  a  reverse  fire  upon  the  escarps  of  the  faces  of  the 
bastions. 
OoDstroction.         606.  The  exterior  side  of  the  front  is  384,  the  perpendicular 

64,  and  the  faces  of  the  bastion  128  yards  in  length.  The 
flanks  are  described  as  in  the  first  system.  A  line  joining  the 
inner  extremities  of  the  flanks,  being  produced  to  intersect  the 
oapitals  of  the  bastions,  gives  iJie  sahents  of  the  tower-bastions. 
Parallel  to  this  line,  and  19  yards  within  it,  another  is  drawn, 
which  forms  the  interior  side  of  the  polygon.  This  polygon  is 
the  case  of  Neuf-Brisach,  is  a  regular  octagon.  At  15  yards 
from  either  end  of  the  interior  side,  tiie  flamus  of  the  towers 
are  drawn  perpendicular  to  it,  extending  18  yards  outwardly 
ftnd  i\  inwardly.    The  rampart  between  the  towers  is  broken 


•  The  details  of  this,  the  Neuf-Brisach,  front  aare  given  differently  by  different 
aothon.  a?he  description  given  in  the  "  Apchitectnre  Militaire,"  written  l)y 
Cormontaagne,  and  pnblished  at  the  HftgUB  !n  1741,  without  his  name  or  eoBsent, 
aA0  bean  followed  here. 
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into  a  front  with  a  perpendicular  11  yards  long,  the  flanks 
being  placed  on  the  prolongation  of  those  of  the  detached 
bastions.  The  counterscarp  of  the  enceinte  is  traced  circularly 
opposite  the  salients  of  the  tower-bastions,  at  a  distance  of 
13  yards,  and  is  thence  directed  upon  the  shoulders  of  the 
short  flanks.  The  tenaille  is  traced,  as  in  the  first  system,  by 
the  lines  of  defence ;  but  its  teri'eplein  is  carried  back  to  the 
line  joining  the  inner  ends  of  the  flanks.  •  The  main  ditch  is 
32  yards  wide,  the  counterscarp  being  parallel  to  the  escarp. 

The  salient  of  the  ravelin  is  120  yards  in  front  of  the 
re-aentering  angle  of  the  counterscarp,  and  its  faces  are  directed 
upon  points  on  the  faces  of  the  bastions  32  yards  from  the 
shoulders.  The  salient  of  the  keep  is  45  yards  from  the 
re-entering  angle  of  the  counterscarp,  and  its  nices  are  paralle 
to  those  of  the  ravelin.  The  flanks  of  both  ravelin  and  keep 
are  perpendicular  to  the  exterior  side ;  the  former  are  15,  the 
latter  11  yards  long.  The  ditch  of  the  ravelin  is  21  yards 
wide,  and  that  of  its  keep  13  yards  wide.  An  additional 
traverse  is  placed  in  the  covered  way  in  front  of  each  face  of 
the  ravelin,  on  account  of  the  increased  length. 

607.  The  detached  bastions  and  the  curtain  have  a  com-  Beliefs, 
mand  of  21  feet  over  the  country,  13  feet  over  the  crest  of  the 
glacis,  and  6  feet  over  the  ravdin  and  its  keep.     The  parapet 
walls  of  the  tower-bastions  are  2  feet  higher.    The  ditches  are 

all  15  feet  deep,  and  are  intended  to  receive  3  or  4  feet  of 
water.  The  revetments  of  the  detached  bastions  and  of  the 
ravelin  are  only  carried  as  high  as  the  counterscarp,  a  berm  of 
12  feet  being  left,  upon  wmch  a  quickset  hedge  is  planted. 
Yauban  had  been  struck  at  the  sieges  of  Ath  and  Charferoi,  by 
the  inconvenience  of  full  revetments,  entailing  the  fall  of  the 
parapet  if  breached,  and  offering  more  practicable  breaches. 
He  retained  them,  however,  for  the  body  of  the  place,  and  for 
the  keep  of  the  ravelin. 

608.  In  a  memoir  accompanying  his  project  for  Landau,  Adrantogef. 
Yauban  haa  stated  the  advantages  whiox  the  system  with 
tower-bastions  appeared  to  him  to  possess. 

(1)  "  The  circuit  of  tlie  body  of  the  place  in  the  new  syBteiOy 
though  endoeing  as  much  space  as  the  ola,  will  be  shorter  by  one- 
third,  or  nearly  so,  and  hence  easily  completed  in  the  course  of  the 
first  year. 

(2)  *'  It  will  take  fewer  men  to  goard  it  than  the  other,  since 
there  will  be  14  sentries  less,  and  the  chemin  des  rondes  will  bo 
shorter  by  one-third. 

(3)  **  It  can  be  defended  twice  over,*'  (soil  first,  the  detached 
bastions,  and  afterwards  the  body  of  the  place) ; 

(4)  ^  In  the  ease  of  Landau,  there  will  be  two  streams  to  be 
paased; 

(5)  ''The  flanks  will  be  much  longer,  since  those  of  the  towers 
and  detached  bastions  together  will  l>e  able  to  receive  9  pieces, 
while  the  longest  flanks  of  ordinary  systems  cannot  take  more 
than  6  or  7  ; 

^6)  "  The  tower-bastions  will  not  he  exposed  to  the  effect  of 
shells  or  cannon  shot,  since  they  cannot  be -seen  till  the  detached 
bastions  are  breached,  and  then  only  from  th^  summit  of  the 
breaches ;  hence  their  flanks  will  be  intact  and  fai*'  more  capable 

(8250)  I  2 
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of  action  than  the  other  parts  of  the  rampart,  which  will  have 
been  already  injured. 

"  If  any  one  objects  that  the  cortains  might  be  attacked  after 
the  fall  of  the  4^tached  bastions,  the  answer  is  that  this  cannot  be 
done  with  any 'favourable  result,  since  so  long  as  the  flanks  of  the 
tower-bastions  are  available,  the  ditch  between  the  tenaille  and 
the  body  of  the  place  cannot  be  passed  without  enduring  the  cross 
fire  of  8  guns,  a  thing  plainly  out  of  the  question. 

*'If  it  is  further  objected  that  ordinary  bastions  retrenched 
would  do  equally  well,  it  may  be  answered  that  it  is  easy  to  show 
how  far  this  is  from  being  the  case,  inasmuch  as :  (1)  all  the 
bastions  cannot  be  detached  from  their  retrenchments  till  the 
attack  takes  place  or  is  dose  at  hand  ;  ^2)  this  separation  can  only 
be  executed  with  difficulty  and  imperfectly ;  and  (3)  the  gaps  in 
these  retrenchments  will  always  be  ill  closed.  To  this  it  is  to  be 
added  that  these  retrenchments  always  have  very  indifferent 
ditches,  and  small  and  weak  flanks,  whence  it  follows  that  they 
could  not  defend  themselves  for  long,  nor  protect  the  curtains  to 
right  and  left  of  them.  One  cannot  evetf  say  that  they  are  secure 
against  assault,  for  the  ooupures  will  not  be  quite  finished,  or  if 
so,  only  in  a  very  imperfect  way."* 
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609.  Vauban's  later  systems,  or  rather  the  tower-bastions 
which  constituted  their  chief  feature,  did  not  find  much  favour 
among  the  French  engineers,  and  were  never  applied  after  his 
death.  But  such  was  the  prestige  of  his  name,  that  it  was 
thought  better  to  bring  forward  new  proposals  as  amendments 
in  the  details  of  his  trace,  than  as  rival  systems.  The  former 
was  the  character  claimed  by  Cormontaigne  for  what  is  now 
known  as  his  system  ;  his  chief  corrections  of  the  Neuf-Brisach 
front  being  the  suppression  of  the  tower-bastions,  the  sup- 
pression of  the  flanks  of  the  ravelins,  the  enlargement  of  their 
keeps,  and  the  provision  of  keeps  for  the  re-entering  places  of 
aims* 

Cormontaigne  never  held  a  position  corresponding"^ to  that 
of  Vauban.  Bom  in  1696,  he  first  distinguished  himself  by  an 
able  memoir  on  fortification  in  1718,  and  dv  his  projects  for  the 
double  crownworks  of  the  Moselle  and  of  Bellecroix  at  Metz, 
in  1728.  He  took  part  in  the  construction  of  those  works,  and 
was  afterwards  second  in  command  at  several  sieges.  He  died 
in  1745.  But  his  fame  is  due  to  the  posthumous  publication  of 
his  writings.  These,  on  accoimt  of  their  clearness  and  com- 
pleteness, were  chosen  long  afterwards  by  Fourcroy,  as 
furnishing  the  best  manuals  for  the  instruction  of  the  corps  of 
Engineers.  They  were  finally  pubhshed  in  1806-9,  but  with 
many  unavowed  alterations  on  the  part  of  the  editors. 

^^Tho  old  engineer  has  served  oa  the  passport  for  opinions 
which  he  would  not  entirely  have  disowned,  but  wMch  he 
has  not  al  ways  expressed,  especially  in*  the  form,  and  with  the 
development  whicn  has  been  given  to  them."t 


*  Augoyat — "  Aper^n  wax  les  fortificationB,  les  ing^nienrs,  et  smr  le  corps  de  g^e 
tB  France,"  i,  147« 
t  YillenoiBy. 
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With  this  cautiom  hie  trace  will  be  described  as  it  is  given 
in  the  work  wnich  bears  his  juame,  the  "  Memorial  de  la  J'ortifi- 
Cdtion  Permanente." 

610.  Making  the  exterior  side  A  B  (PL  CXXVIII)  ISOtoises  CoMtruotion 
or  384  yards  long,  he  fixed  the  pei-pendicular  at  one-eighth,  Body  of  the 
one-seventh,  or  one-sixth,  according  as  the  polygon  is  a  square,  ^ 
a  pentagon,  or  a  superior  polygon. 

The  face  of  the  bastion  is  one-third  of  the  exterior  side. 
From  the  point  D,  where  the  lines  of  defence  cross,  he  produced 
them  68  yards  to  the  point  E  E^  This  construction  makes  the 
distance  A  E  ordinarily  equal  to  270  yards.  From  F  he  drew 
a.  line  to  E,  to  get  the  direction  of  the  flank,  the  length  of 
which  was  given  by  drawing  a  line  e  e!  parallel  to  E  E'  and 
4  yards  from  it.     The  resulting  curtain  is  130  yards  long. 

The  tenaille  is  described  bv  drawiuff  lines  11  yards  from  the  Tonaaie. 
flanks  for  its  ends,  and  13  yards  from  uie  curtain  for  its  gorge. 
It  is  made  15  yards  wide. 

The  counterscarp  of  the  main  ditch  is  obtained  by  drawing  Main  ditch, 
lines  tangent  to  arcs  of  32  and  36  yards  radius  respectively, 
described  from  the  salients  of  the  bastions,  and  the  points  G  G' 
on  the  tenaille.    The  gorge  of  the  keep  i)f  the  ravelin  is  also  > 
tangent  to  the  arcs  last  mentioned. 

The  ravelin  has  a  capital  of  102  yards,  measured  from  C,  Barelin. 
the  centre  of  the  exterior  side.  Its  faces  are  directed  to  points 
V,  V,  32  yards  from  the  shoulders  of  the  bastion.  It  is  made 
without  flanks,  so  that  it  may  cover  the  gaps  at  the  end  of  the 
tenaille,  through  which  the  curtain  could  be  breached  in 
Vauban's  systems.  Its  ditch  is  21  yards  broad,  and  is  parallel 
to  its  faces. 

The  faces  of  the  keep  of  the  ravelin  are  parallel  to  those  Keep  of 
of  the  ravelin,  and  32  yards  from  them.    Its  ditch  is  11  yards  ^^®^*** 
wide.    The  flanks  are  drawn  parallel  to  the  capital  of  the 
^ravelin  from  points  on  the  faces,  17  yards  from  the  counter- 
scarp of  the  bastions. 

The  re-entering  places  of  arms  have  demi-gorges  of  60  Be-entering 
yards,  and  the  faces  make  angles  of  100°  with  the  branches  of  P^***®*  ^^ 
the  covered  way.     The  keeps  of  the  re-entering  places  of  arms 
have  demi-gorges  of  42  yards,  and  the  outer  faces  are  directed 
on  the  salient  of  the  ravelin.    The  ditches  of  this  work  are  only 
16  feet  broad. 

The  covered  way  is  11  yards  broad,  the  traverses  in  it  are  Corered  way. 
only  12  feet  thick,  with  the  exception  of  those  closing  the 
re-entering  place  of  arms,  which  are  18  feet.    The  advanced 
traverse  ia  drawn  in  prolongation  of  the  magistral  line  of  the 
ravelin. 

61L  A  permanent  entrenchment  in  the  bastion  nas  been  Betranch- 
considered  as  almost  a  part  of  CormontaiKne's  system.    He  °^®°^ 
made  its  form  depend  upon  the  situation  of  the  bastion  and  on 
the  opening  of  its  salient  angle.     If  sufficient  space  were 
afforded  by  the  opening  of  the  salient,  he  constructed  a  small, 
firont  of  fortification,  either  at  the  gorge  or  upon  a  line  join- 
ing the  shoulders  of  the  bastion,  making  the  peipendicular 
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In  the  eyent  of  the  bastion  being  so  retrenched  at  the  gorge,  he 
retired  the  collateral  cnrtainfi  (ao  as  not  to  interfere  with  the 
fire  of  the  guna  in  the  flanks)  making  the  flanks  eaoh  about 
4  yards  longer  than  those  given  by  me  normal  construction. 
I^  on  the  other  hand,'  the  salient  were  acute,  or  the  bastion 
situated  on  a  commanding  point,  from  whence  it  might  be 
desu'ablo  to  obtain  additional  fire  into  some  hollow,  he  con- 
/9trticted  a  cavalier,  having  its  faces  and  flanks  parallel  to  those 
of  the  bastion ;  the  retrenchment  bein^  completed  by  making  a 
coupure  across  the  face  of  the  bastion  in  rear 'of  that  part 
which  can  be  breached  through  the  ditch  of  the  ravelin.  To 
avoid  a  dead  angle  where  the  parapet  of  the  coupure  meets 
the  face  of  the  cavalier,  he  broke  the  mrmer  at  the  coxmterscarp 
of  the  i-etrenchment — ^retiring,  by  3  or  4  feet  more  than  the 
thickness  of  the  parapet,  the  part  which  flanks  the  ditch;  thus 
leaving  an  openmg,  whence  one  or  two  muskets  could  be 
directed  against  any  part  of  the  escarp  of  the  &ce  of  the 
cavalier. 
Beliefs.  612.  In  determining  the  reliefs  of  his  system,  Cormontaigne 

placed  the  top  of  the  counterscarp  nearly  on  the  level  of  the 
country,  and  allowing  a  slope  of  6  inches  to  the  terreplein  of 
the  covered  way,  assumed  9  feet  as  the  height  of  the  crest  of 
the  glacis  above  the  plane  of  site,  opposite  the  faces  of  the 
raveUn,  and  9^  feet  in  front  of  the  [bastions  and  the  re-entering 
place  of  arms. 

To  the  body  of  the  place  he  gave  a  revetment  33  feet  in 
height,  and  the  top  of  it  being  placed  at  the  level  of  the  crest 
of  the  glacis,  the  ditch  was  necessarQy  23^  feet  deep.  He  left 
a  berm  of  two  feet  between  the  foot  of  the  exterior  slope  and 
the  outer  edge  of  the  cordon,  and  gave  to  his  remaining  walls 
an  exterior  slope  of  f . 

He  considered  9^  feet  above  the  glads  to  be  the  smallest 
^mmand  that  shoum  be  given  to  the  body  of  the  place,  as  that 
just  allowed  of  its  glacis  being  defended  by  a  gun  so  fired  that 
its  shot  would  pass  within  three  feet  of  the  crest  of  the  parapet 
of  the  covered  way,  or  two  feet  above  its  palisades.  Assummg 
this  as  the  command  of  the  curtain  and  flanks,  he  gave  one  foot 
additional  height  to  the  flanked  angles  of  the  bastions,  as  a 
slight  impediment  to  ricochet. 

He  so  regulated  the  relief  of  the  tenaille  as  just  not  to 
ttiask  the  foot  of  the  escai*p  at  the  shoulder  of  the  bastion  from 
a  gun  at  the  middle  of  the  opposite  flank.  ^ 

He  gave  to  the  ravelin  an  escarp  revetment  29  feet  high, 
and  made  the  command  of  the  crest  of  its  parapet  at  the 
sahent  5  feet  less  than  that  of  the  salient  of  the  bastion,  witL 
a  fall  of  1  foot  towards  the  extremities  of  the  faces.  He  made 
the  keep  2  feet  higher  than  the  ravelin,  giving  its  faces  a^ 
flunilar  slope.  The  depth  of  the  ditch  of  the  ravelin  is  the 
same  as  that  of  the  main  ditch;  that  of  the  keep  is  17  feet 
less,  and  its  escarp  is  16  feet  high. 

To  the  keep  of  the  re-entering  place  of  arms  he  gave  a* 
epmmand  of  3^  feet  over  the  glacis,  an  escarp  15  feet.hig^ 
and  a  ditcH  8^  feet  deep ;  and  to  secure  it  more  completely  from 
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being  seen  into  from  the  enemy's  lodgments  on  the  glacis,  he 

fave  its  terreplein  a  slope  of  3 J  feet  from  the  foot  of  the- 
anquette  to  tne  angle  at  the  gorge.  He  made  the  parapet 
of  this  work  12  feet  thick ;  that  of  the  tenaille  15  feet ;  and 
that  of  all  others  18  feet.  He  made  their  superior  slopes  one 
in  nine,  and  the  slope  of  the  glacis  one  in  twenty-four.  The 
commands  are  so  regulated  that  the  line  of  fire  from  the  crest 
of  the  parapet  to  the  foot  of  the  glacis  passes  3  feet  above  the 
palisades  in  the  covered  way. 

Coehonu 

613.  The  character  of  the  early  Dutch  fortifications  and  the  HU  oaroer. 
circumstances  which  determined  it,  have  been  already  noticed. 
Its  reputation  stood  high,  owing  to  the  obstinate  defence  of 
many  towns  during  the  struggle  of  the  Republic  with  Spain. 
But  tliis  was  largelgr  due,  in  most  cases,  to  the  devotion  of  the 
garrison  and  inhabitants,  and  to  the  want  of  means  or  skill  on 
the  part  of  the  besiegers.  Peace  and  prosperity  followed;  and 
wiile  the  Dutch  developed  their  navy  and  tneir  trade,  their 
citizens  and  soldiers  alike  lost  their  mihtaiy  aptitude.  In  1672 
Louis  XIV  suddenly  invaded  Holland  with  an  army  of  more 
than  100,000  men,  and  place  after  place  quickly  surrendered  to 
him  up  to  within  a  few  miles  of  Amsterdam. 

Minno,  Baron  do  Ooehom,  of  German  extraction,  but  bom 
in  Friesland  in  1641,  was  a  captain  of  infantry  in  the  service  of 
the  Republic,   and  first  won  distinction   in    the  defence  of 
Maastricht  in  1673.    In  the  following  year,  at  the  siege  of 
Grave,  he  introduced  the  small  portable  mortars  to  thipw 
gienades,  which  still  bear  his  name.    Impatient  at  the  French 
successes,  he  loudly  charged  the  Dutch  commandants  with 
want  of  courage,  and  their  engineers  with  incapacity.    After 
the  peace  of  Nymwegen  he  was  employed  to  strengthen  several 
fortresses,  and  in  1685  he  published  his  **  New  Fortification,'*  in 
which  he  offered  three  systems  as  examples  of  his  ideas.    He 
did  not  himself  apply  any  of  these  systems  in  their  completeness 
to  the  places  he  fortified— Berg-op-Zoom,  Groningen,  Breda, 
Namur,  and  Nymwegen;  but  after  his  death  Manheim  was 
fortified  according  to  his  first  system.    In  1622  he  defended 
Fort  William,  a  work  of  his  own  construction,  at  Namur,  against 
the  attack  directed  by  Vaubau,   but  he  was  wounded  and 
obliged  to  surrender.    Three  years  later  he  himself  acted  as 
chief  engineer,  when  William  III  besieged  and  recovered  it 
In  the  two  sieges  the  difference  of  method  of  the  two  engineers 
was  very  manked.    Vauban,  sparing  of  his  men  and  of  his 
artillery,  yet  piishing  his  attacK:  rapidly  by  dint  of  skill  and 
industry ;  Coehom  overwhelming  the  place  with  his  fire,  and 
sending  columns  to  the  assault  across  600  yards  of  open  ^ound, 
yet  without  attaining'  quite  so  early  a  success.     His  chief 
reliance  was  upon  a  lavish  use  of  artillery.    At  Bonn,  in  1703, 
he^is  said  to  have  employed  500  of  his  small  mortars.    He  died 
fft  the  Hiague  in  1704,  having  gone  there  to  confer  with'Marl- 
borough  on  the  coming  campaign.  '   " ^     - 
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614.  The  leading  principles  on  which  his  systemfi  are  base  J 
•are : — 

(1.)  To  provide  powerful  flank  defence,  and  to  secure  it 

from  being  silenced  by  the  besieger ; 
(2.)  To  have  an  escarp  wall  as  well  as  a  wet  ditch,  and  to 

cover  this  wall  n*om  the  besieger ; 
(3.)  To  deprive  the  besieger,  as  far  as  possible,  of  the  means 

of  making  his  nearer  lodgments  and  approaches ; 
(4.)  To  give  facilities  for  sorties  upon  them; 
(5.)  To  avoid  expense. 

The  systems  are  adapted  to  sites  such  as  these  of  Holland, 
in  which  the  natural  water  level  is  not  much  below  the  ground 
level. 

In  the  older  Dutch  fortification,  he  remarks,  the  flanks  could 
be  easily  silenced  by  counter-batteries  at  the  salients,  and  when 
the  ditcn  was  passed  the  besieged  could  not  venture  to  stand 
an  assault,  because  the  rampart  was  unrevetted  and  could  be 
climbed  at  all  points.  In  the  new  French  method  (of  which 
Yauban's  first  system  is  an  example)  the  high  revetment  walls 
give  security  against  surprise,  and  narrow  the  front  of  an 
assault  to  the  width  of  the  breach;  but  they  can  easily  be 
breached,  and  are  very  costly.  Orillons  are  provided  to  cover 
the  flanks^  but  these  are  allowed  to  reduce  their  length  too 
much. 

To  give  more  power  to  the  flanks,  therefore,  he  enlarges  the 
diminished  angle  oy  about  5  degrees,  making  the  bastions  more 
acute,  and  the  lines  of  defence  longer.  He  builds  masonry 
orillons  to  cover  them,  and  he  makes  earthen  counter-guards 
to  interpose  between  them  and  the  besieger's  counter-batteries 
opposite  the  salients  of  the  bastions.  At  the  same  time  these 
counter-guards  are  made  very  narrow,  that  they  may  not  them- 
Dolves  serve  as  the  sites  for  counter-batteries.  He  is  content  with 
a  height  of  from  10  to  14  feet  for  the  escarp  wall  of  his  main 
rampart,  and  he  develops  the  fausse-braye,  which  was  a 
characteristic  feature  of  the  old  Dutch  fortification,  into  an 
outer  envelope  completely  screening  this  wall  from  the  enemy's 
view.  This  envelope,  Mke  the  counter-guard  in  front  of  it,  is 
made  narrow,  so  as  to  give  little  room  for  a  lodgment  upon  it, 
and  to  expose  the  besieger  to  be  taken  in  reverse  by  the  outer 
pieces  of  tne  flank?. 

.  The  terreplein  in  rear  of  the  fausse-braye  becomes  in  his 
hands  a  dry  ditch  flanked  by  casemates,  and  this  ditch  is  sunk 
almost  to  the  water  level,  so  that  while  it  can  be  freely  used 
by  the  besieged  for  sorties,  it  cannot  easily  be  sapped  across  by 
the  besieger,  who  will  be  obliged  to  bring  up  his  materials  from 
a  distance.  The  covered  way  is  similarly  sunk  with  the  same 
object.  The  ravelin  is  organised  on  the  same  principles  as  the 
body  of  the  place,  and  in  both  musketry  galleries  are  abundantlv 
provided,  to  brin^  "  hidden  fire  "  upon  the  besieger  at  each 
firesh  step  of  his  advance. 

615.  As  the  general  principles  of  the  three  systems  are  the 
lame,  a  d^cription  of  the  first  system  will  be  sufficient. 
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The  details  of  construction  as  applied  to  a  hexagon  are  as  Conftniction. 
follows  (see  PL  CXXIX)  :— 

Let  AA'  be  the  side  of  a  regular  hexagon,  320  yards  in 
length.  The  escarp  of  the  curtain  is  placed  on  this  line,  as  the 
interior  side,  and  FA  and  F'A'  are  each  made  equal  to  JAA'. 

On  the  capitals  AS,  A'S',  and  at  a  distance  of  160  yards 
from  the  points  A  and  A',  measured  outwards,  are  placed  the 
salients  SS'  of  the  lower  bastions.  This  construction  gives  to 
the  exterior  side  SS  a  length  of  40  yards.  The  lines  of 
defence  are  traced  by  connecting  the  salients  S,S',  with  the 
point  F^  F,  at  the  extremities  of  the  curtain.  From  S,S',  as 
centres,  and  with  radii  equal  to  SF',  ST,  arcs  are  described 
catting  the  hnes  of  defence,  in  the  points  E'E.  The  points 
SEFF'E'S'  will  mark  the  general  outline  of  the  front. 

The  lower  bastions  are  not  revetted;  and  the  magistrals  I'owor 
SE,  E'S',  mark  the  intersections  of  their  exterior  slopes  with  ^«"'w"»' 
the  smface  of  the  water.     Their  thickness  at  this  level  is  15 
yards,  that  of  the  parapets  being  made  20  feet. 

>  The  orillous  are  casemated  buildings  placed  at  the  angles  On  Ions, 
of  the  shoulder  of  the  lower  bastions,  The  following  construc- 
tion gives  their  trace : — From  the  point  E,  a  perpendicular  1% 
to  the  line  SE,  is  drawn  inwards  40  yards,  ana  the  front  face  is 
traced  by  prolonging  SE  18  yards.  At  the  extremity  ^,  of  tho 
perpendicialar  E^  tr  is  drawn  parallel  to  SE,  and  9  yards  lonff. 
lorming  a  portion  of  the  gorge  of  the  orillon.  11  yards  outside 
of  the  latter  line  another  is  drawn  parallel  to  it  30  yards  long, 
measured  from  E^,  at  the  end  of  wbich  is  the  point  t?.  The 
trace  of  the  orillon  will  be  completed  by  joining  the  points  r  and 
t?,  and  constnicting  an  arc  of  60  degrees  on  the  line  drawn  fioni 
V  to  the  inner  end  of  the  front  face  of  the  oiillon. 

The  lower  flanks  behind  the  orillons  are  curved,  tlie  magis-  Lower  flAnkt. 
trals  forming  arcs  of  45  degrees,  of  which  F^  (g  being  the  point 
of  intersection  of  EF  and  rv)  is  the  chord. 

Parallel  to  the  faces  SE,  S'E',  of  tho  lower  bastions,  and  Upper 
48  yards  inside  them,  the  magistrals  «  ^,  a  ^^  of  the  upper  bas-  ^M^ons. 
tions  are  traced.  In  the  spaces  between  the  upper  and  lower 
bastions  there  are  dry  ditches.  The  angle  of  the  shoulder  of  the 
upper  face  is  placed  at  the  extremity  of  a  wall  which  connects 
it  with  the  oriUon,  and  separates  the  dry  ditch  between  the 
faces  from  that  between  the  flanks.  This  wall  consists  of  two 
parts,  each  of  them  8  yards  in  length ;  the  one,  ta,  next  the 
orillon,  being  in  continuation  of  the  portion  of  the  gorge,  tr,  of 
the  orillon ;  the  other,  ae,  at  right  angles  to  tx.  At  the  inner 
extremity  e  of  the  latter  portion  is  the  angle  of  the  shoulder  of 
the  upper  bastion. 

This  wall  is  12  feet  high,  and  is  loop-holed,  and  in  front  Ditch, 
of  it  and  of  the  straight  side  of  the  orillon  is  a  wet  ditch,  from 
9  to  13  yards  wide,  extending  across  the  dry  ditch  between  the 
faces  of  the  bastions,  on  the  side  of  the  salient.  In  the  portion 
of  the  wall,  .w,  there  are  two  doorways,  each  leading  to  a  draw- 
bridge crossing  the  wet  ditch,  one  in  front  and  the  other  in 
Tear  of  a  row  of  palisades  placed  15  feet  in  advance  of  the  foot 
of  the  escarp  of  tne  upper  bastion.   These  palisades  are  intended 
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to  afford,  through  rnimeroos  gates/ a  retreat  to  the  defenders  of 
the  lower  work,  and  the  space  behind  them  is  swept  by  fire 
from  the  loopholes  between  the  drawbridges. 

The  flanks  of  the  upper  bastions^  ^/,  e!f  are  traced  from  the 
shonlders  «,  ^,  concentric  with  those  of  the  lower  bastions,  EP, 
E'F^  Their  interior  extremities  are  placed  where  they  meet 
the  lines  of  defence,  portions  of  the  latter  F/,  F'/',  forming  the 
breaks  or  bristeres  of  the  curtain.  The  curtain  and  the  brism^s, 
as  well  as  the  upper  bastions,  are  revetted. 

To  cover  the  works  in  rear,  and  to  afford  a  better  flankme 
fire,  a  tenaille  is  constructed  having  two  flanks,  two  faces,  ana 
a  broken  curtain.  The  flanks  db,  d/b'  are  placed  298  yards 
from  the  salients  S,  S',  perpendicular  to  their  own  lines  of  de- 
fence, and  extending  to  those  of  the  adjacent  bastions.  The 
escarps  of  the  faces  and  of  the  broken  curtain  erf,  cdf  are  traced 
on  the  lines  of  defence.  The  flanks  d\  db\  have  a  relief  of 
only  7  feet  above  the  water,  and  they  are  sheltered  in  flank  by 
the  faces,  which,  as  well  as  the  curtain  of  the  tenaille,  have  a 
relief  above  the  same  level  of  11  feet.  With  this  relief  they 
cover  the  masonry  of  the  principal  curtain,  which  is  only  10  feet 
above  the  water-level. 
Ooantenottrp.  The  counterscarp  of  the  principal  wet  ditch  is  50  yards  from 
the  flanked  angles  ^,S',  and  is  directed  on  the  shoulders  of  the 
orillons.  ' 

The  exterior  or  lower  ravelin  is  constructed  by  making  tts 
demi-gorees,  PG,  PG',  each  equal  to  117  yards,  and  tracing  the 
faces  GHj  G'H,  in  such  a  way  that  the  flanked  angle  GHG' 
may  be  70  degrees.  Parallel  to  these  faces,  and  48  yards  inside 
of  them,  the  magistrals  KN,  K'N  of  the  upper  ravelin  are  traced, 
having  in  their  front  a  dry  ditch  33  yards  wide,  the  remaining 
15  yards  being  occupied  by  the  thickness  of  the  lower  faoe. 
The  upper  ravelin  is  revetted  to  the  height  of  12  feet  above  the 
water.  The  dry  ditch,  besides  being  defended  by  the  guns  and 
musketry  of  the  bastions  and  oiillons,  receives  a  close  musketry 
flre  from  a  covered  caponier,  placed  11  yards  from  the  main 
ditch.  A  reverse  fire  of  musketry  is  dso  obtained  from  a 
masonry  guard-house,  constructed  in  the  interior  of  the  flanked 
angle,  as  well  as  from  a  low  caponier,  which,  crossing  the  ditch 
on  the  capital,  forms  a  commmucation  from  this  guard-house  to 
the  interior  of  the  upper  ravelin. 

The  counterguards  in  front  of  the  bastions  are  formed 
entirely  of  earth,  and  have  a  parapet  and  banquette,  with  a 
passage  in  rear  only  5  feet  wide.  Tneir  thickness  at  the  level 
of  the  water  is  18  yards.  In  their  front  is  a  wet  ditch  30  yards 
wide  communicating  with  that  of  the  ravelin,  which  is  38  yards 
m  breadth.  The  counterguards  are  terminated  at  the  prolonga- 
tions of  the  CQimterscarp  of  the  ravelin. 

The  width  of  the  covered  way  is  25  yards ;  its  terreplein  at 
the  foot  of  the  banquette  is  one  foot  above  the  water,  but  it 
slopes  to  the  rear,  and  at  the  edge  of  the  ditch  is  only  2  or  S 
inches  above  that  level.  A  large  plaice  of  arms  is  formed  at  eadt 
re-entering  angle,  by  setting  off  from  that  angle  53  yarSs  eacfii 
ii^y  on  the  line  of  the  crest  of  the  glacis,  and  making  its  facets 
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perpendictilarto  that  crest.  Each  re-entering  place  of  arms  is 
also  strengthened  by  a  masonry  keep,  consisting  of  a  loop-holed 
brick  wailj  which  has  demi-gorges  2o  yards  in  length,  measured 
from  the  re-entering  angle  formed  by  the  meeting  of  the  crest 
lines  of  the  glacis,  and  faces  parallel  to  those  of  the  place  of 
arms. 

A  covered  gallery  is  also  formed  in  the  glacis  13  yards  in  Gallery  in  the 
front  of  the  faces  of  the  re-entering  place  of  arms,  and  parallel  gl»<»«- 
to  them.     The   object  of  this  work   is  to  oppose  additional 
obstacles  to  the  besieger  when  crowning  the  glacis  in  front  of 
the  place  of  arms. 

616.  A  postern  nnder  the  bristire  of  the  cmrtain  leads  from  Ooxnmunioa- 
the  interior  of  the  place  to  the  dry  ditch  between  the  [flanks  of  *^°** 
the  npper  and  lower  bastions.  A  door  opens  from  the  dry 
ditch  into  the  casemate  of  the  orillon,  and  a  staircase  inside 
leads  np  on  to  its  terreplein.  The  counterscarp  gallery  in  rear 
of  the  face  of  the  lower  bastion  communicates  with  the  casemate 
of  the  orillon  at  one  end ;  and  at  the  saUent  it  opens  into  a 
covered  caponier,  which,  crossing  the  dry  ditch  on  the  capital, 
leads  to  a  gallery  behind  the  escarp  of  the  face  of  the  upper 
bastion. 

The  wet  ditch  at  the  shoulder  of  the  upper  bastion  is  crossed, 
as  already  mentioned,  by  two  drawbridges,  communicating  with 
the  dry  ditch  of  the  bastion,  and  there  are  staircases  to  afford 
access  from  the  latter  to  the  ten*eplein  of  the  face  of  the  lower 
bastion.  * 

A  postern  under  the  centre  of  the  curtain  leads  from  the 
interior  of  the  place  to  the  terreplein  behind  the  tenaille.  The 
communication  to  the  outworks  is  by  boats.  There  is  a  ditch 
forming  a  harbour  for  embarkation,  about  13  yards  wide,  along 
the  front  of  the  lower  flank,  communicating,  by  an  arched 

Sassage  adjoining  the  shoulder  of  the  orillon,  with  the  main 
itch.  A  recess  m  the  gorge  of  the  ravelin  forms  a  harbour  for 
landing  in  this  outwork,  and  is  protected  by  a  masonry  keep. 
A  postern  leads  from  the  interior  oi  the  upperravelin  to  the  space 
in  rear  of  the  flanking  caponier  placed  in  the  diy  ditch  between 
the  ravelins.  Access  is  affordea  into  the  interior  of  this  work 
by  a  door  at  each  end.  The  communication  from  the  ditch  in 
rear  to  that  in  front  of  the  same  caponier  is  maintained  in  three 
different  ways : — (1)  By  means  of  a  gallery  in  the  lower 
ravelin,  which  extends  along  its  face  for  40  yards  from  the  main 
ditch,  and  has  two  doors  in  rear  of  the  caponier,  and  two  in  front 
of  the  wet  ditch  of  that  work,  and  is  loop-holed  so  as  to  flank 
the  ditch ;  (2)  through  the  interior  of  the  caponier,  which  com- 
municates with  a  drawbridge  placed  close  to  the  escaip  of  th©* 
inner  ravelin ;  (8)  by  mounting  on  to  the  canonier  itself,  and 
then  passing  to  the  terreplein  of  the  lower  ravelin,  from  whence 
steps  lead  to  the  dry  ditch. 

The  communication  from  the  keep  in  the  salient  of  the  low^ 
ravelin  is  through  the  low  caponier^  ci'ossing  the  dry  ditch  on. 
the  capital  and  leading  to  the  terreplein  of  the  inner  ravelin. 
•     6MF.-  In- his  second -system -the  ravelin  was  connected  by  Second  aod 
retired  flanks  ^vith  the  lower,  faces  oPthe  bastions ;  and  in  place  ^^"'^  vitenif. 
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of  the  counterguards  there  was  a  continuous  envelope,  em- 
bracing both  bastions  and  ravelins,  with  a  wet  ditch  in  front 
and  in  rear  of  it.  Th^  front  thus  presented  three  successive 
enceintes,  the  first  and  second  covered  by  wet  dit<;hes,  and  the 
third  by  a  dry  ditch.  But  multiplied  enceintes  have  the  defect 
that  the  outer  ones  are  usually  weak  and  ill  defended,  and  when 
taken  offer  advantageous  positions  for  the  attack  of  the  inner 
one. 

The  third  system  corresponded  more  closely  with  the  first ; 
but  the  bastions  were  detached  and  converted  into  outworks, 
and  a  new  bastioned  enceinte  formed  in  rear  of  them,  having 
its  salients  on  the  capitals  of  the  ravelins.  Such  an  accumula- 
tion of  outworks,  however,  has  other  inconveniences  besides  its 
cost.  It  involves  a  dangerous  dispersion  of  the  garrison, 
especially  where,  as  with  wide  wet  ditches,  the  communications 
are  slow  and  difficult. 

As  regards  expense,   Coehom    estimates    the    amount  of 
masonry  in  his  firsts  second  and  third  systems  as  respectiv^elv^ 
two-thirds,  three-fifths,  and  six-fifths  of  that  in  the  French 
system  of  his  day. 


Section  III.— Montalembert,  Carnot,  and  the  Prussian 

System. 

Montalein*  618.  The  Marquis   de  Montalembert,  ^'who    has    perhaps 

bert.  contributed  more  new  ideas  to   fortification   than  any  other 

man,"*  was  a  general  officer  in  the  French  army,  who  had 
served  in  the  cavaliy  and  on  the  staflF.  He  was  born  in  1714. 
After  tildng  part  in  fifteen  campaigns  and  nine  sieges,  and 
visiting  most  of  the  chief  fortresses  in  Europe,  he  published,  in 
1776,  the  first  volume  of  a  work  entitled  "La  Fortification 
Perpendiculaire,"  giving  methods  for  improving  places  already 
built,  and  for  constructing  new  ones,  i'rom  that  time  till  his 
death,  in  1800,  he  was  continually  engaged  in  developing  and 
vindicating  his  ideas  upon  all  branches  of  the  art  of  defence. 
His  work  gradually  swelled  to  eleven  volumes,  sumptuously 
illustrated ;  and  in  the  conviction  that  he  had  fully  achieved 
his  object,  he  at  length  changed  its  title  to  "L'Art  d^fensif 
sup6rieur  a  Toffensif." 

He  saw  what  was  not  then  generally  recognised,  that  a 
siege  is  essentially  an  artillery  contest,  ana  that  it  is  above  all 
things  impoi-tant,  therefore,  that  the  armament  of  a  fortress 
should  be  powerful  and  well  protected.  Instead  of  relying 
upon  open  ramparts,  exposed  to  ricochet  and  high  angle  fire, 
he  proposed  to  make  a  very  large  use  of  casemates,  in  which 
the  guns  could  be  placed  at  much  closer  intervals,  and  would 
be  covered  overhead.  This  was  his  central  idea,  and  by  this 
means  he  counted  on  being  always  more  than  a  match  for  the 
guns  a  besieger  could  bring  to  bear  against  the  front  walls  of 
the  casmates. 

•  Yillenouj. 
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The  avoidance  of  dead  angles  in  the  ditch,  which  is  the  Objections  to 
main  object  of  the  bastioned  trace,  became  a  small  matter  with  ^l»«tioned 
casemate  flankingf  and  left  him  free  to  dwell  upon  the  various 
faults  of   that  trace,   as  apphed  by  Cormontaigne    and   his 
successor.    These,  in  his  view,  were  as  follows : — 

(1)  The  curtain,  interposed  between  [the  flanks  in  order  to 

avoid  dead  anglen  is,  itself,  useless  for  defence,  and 
cramps  the  bastions. 

(2)  The  ravelin  placed  in  front  of  the  curtain,  which  con- 

verts the  front  practically  into  one  of  angular  (or 
tenaille)  trace,  is  too  far  from  the  body  of  the  place  to 
be  strongly  defended. 

(3)  From  the  form  of  a  bastion,  shots  aimed  directly  at  one 

face  or  flank  enfilade  or  take  in  reverse  the  other  face 
or  flank,  so  that  the  bastions  become  a  very  focus  of 
fire  from  all  quarters. 

(4)  The  flanks,  by  crossing  fire  in  front  of  the  curtain  forfeit 

the  advantage  of  the  full  range  of  firearms. 

(5)  There  is  not  room  for  a  good  self-flanking  retrenchment 

in  the  gorge  of  a  bastion,  nor  can  it  be  flanked  from 
the  adjacent  bastions. 

(6)  As  the  flanks  are  always  silenced  by  the  time  the 

besieger  is  ready  to  cross  the  ditch,  they  contribute 
nothing  to  the  defence  of  the  front. 

There  were  two  ways  in  which  he  thought  these  defects 
might  be  obviated.  The  ravelins  might  be  made  part  of  the 
body  of  the  place,  and  the  tenaille  trace  already  roughly 
obtained  by  means  of  them,  might  be  taken  as  the  trace  of  the 
enceinte,  or  the  flanks  of  the  bastions  might  be  moved  foi'ward 
along  the  Unes  of  defence,  and  placed  back  to  back  as  flanks  of 
the  keep  of  the  ravelin,  where  they  would  be  better  sheltered 
and  nearer  to  their  work. 

619.  For  places  of  great  extent  and  importance  he  pre-  His  tenaille 
ferred  the  tenaille  trac^  on  the  ground  that  a  long  flank  is  system, 
better  than  a  short  one,  and  that  the  best  way  of  giving 
strength  to  a  fortress  is  to  crush  the  enemy's  breaching 
batteries  by  an  overv^helming  fire.  "  Increase  and  secure  the 
fire  of  the  flanks,"  he  says;  "oppose  to  the  enemy  powerful 
obstacles  inside  the  main  ditch,  and  if  this  fire  and  these 
obstacles  are  what  they  ought  to  be,  you  may  be  easy  about 
the  fate  of  places."    Plate  CXXX  shows  how  ne  applied  these 

Srinciples.  His  enceinte  was  formed  by  a  series  of  redans 
anking  one  another  at  right  angles,  according  to  the  rule  of 
p0^endicular  fortification  which  gave  the  title  to  his  work.  . 
These  redans  had  salients  of  QP  degrees  or  more,  and  faces  of 
250  yards  (which  might  be  redilced  to  100  yards).  In  addition 
to  the  casemated  batteries  in  two  tiers  placed  in  the  re-entering 
angles  to  flank  the  main  ditch,  there  was  a  continuous  line  of 
gun  casemates  forming  a  detached  escarp  all  along  each  face. 
Secure,  of  course,  from  enfilade  or  high  angle  fire,  thev  were 
screened  from  direct  fire  by  a  continuous  counterguard  oeyond 
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the  ditch.  Behind  the  casemated  detached  wall  there  was  an 
earthen  couvreface,  too  narrow  for  batteries  to  be  built  on  it  by 
a  besieffer,  a  wet  ditch,  a  simple  loop-holea  wall,  a  dry  diton, 
and  lastly  the  principal  rampart.  An  **  angvJar  tower  "  of  three 
stories  with  a  star  base  formed  the  nuclens  of  a  retrenchment 
across  the  gorge  of  each  redan.  The  continuous  counterguard 
was  separated  by  a  wet  ditch  from  the  glacis  and  covered  way, 
and  a  similar  obstacle  was  provided  for  the  re-euteriug  place  of 
arms.  Both  these  ditches  were  flanked  by  casemates  at  their 
inner  ends. 

Hi«  poljgoDal         620.  But  the  tenaille  trace,  like  the  bastioned  trace,  was  ill- 

system.  suited  to  forts  intended  for  small  garrisons,  and  Montalembert 

was  one  of  the  first  to  point  out  how  large  a  part  forts  ought 
to  play,  especially  in  the  fortification  of  naval  arsenals  likely  to 
suffer  from  bombardment.  He  was  led  to  turn,  therefoie,  to 
the  other  solution  mentioned  above  :  placing  the  flanks  back  to 
back  in  the  middle  of  the  front.  He  may  oe  said  to  have  re- 
invented caponiers,  and  he  appUed  them  to  the  flank  defence  of 
ditches,  in  the  most  various  ways,  for  small  field  redoubts  as  for 
large  permanent  forts,  and  even  for  extended  enceintes.  It  is 
in  his  use  of  the  polygonal  trace,  as  it  has  since  been  called, 
that  he  has  been  so  largely  followed,  and  has  exerted  so  great 
an  influence  on  the  art  of  fortification. 

Port  BoyoL  As  an  example  of  his  polygonal  fronts,  PL  CXXXI  gives 

part  of  a  front  of  a  square  fort  (which  he  styled  Fort  Royal), 
designed  expressly  for  comparison  with  an  ordinary  square 
bastioned  fort.  The  four  comers  were  organised  much  like  the 
redans  of  the  tenaille  system,  with  a  casemated  detached  wall^ 
constructed  in  this  case  for  two  tiers  of  guns — and  an  earthen 
couvreface ;  but  instead  of  a  main  rampart  with  a  wet  ditch  in 
front  of  it,  there  were  blocks  of  casemated  barracks  forming  an 
incomplete  square,  in  the  middle  of  which  stood  the  angular 
tower.  The  caponiers  were  placed  in  the  middle  of  each  iront, 
and  their  flanks  had  three  tiers  of  gun  casemates  with  nine 
gpms  in  each  tier.  They  were  detached  from  the  body  of  the 
work,  the  central  part  of  each  front  being  retired  and  organised 
as  a  cavalier,  cut  off  by  a  small  dry  ditch  from  the  rest  of  the 
work.  At  the  extremities  of  these  cavaliers  there  were  case- 
mated  batteries,  perpendicular  to  the  faces  of  the  caponiers, 
which  they  were  intended  to  defend,  and  constructed  like  their 
flanks.  The  casemates  of  the  curtain  between  these  batteries 
furnished  musketry  fire  only. 

A  general  coimterguard  of  tenaille  trace  fenveloped  the 
enceinte  and  the  caponiers,  but  as  the  faces  in  this  case  were 
not  at  right  angles  to  one  another,  the  flanking  casemates  in 
the  re-entering  angles  were  broken  back  so  as  to  give  perpendi- 
cular defence.  To  give  additional  protection  to  the  caponieEs 
and  provide  more  oomb-proof  cover  beyond  the  main  ditch, 
there  were  also  casemated  barracks  behind  the  earthen  rampart 
in  the  smaller  redans  of  the  counterguard.  The  outer  ditch, 
glacis,  and  place  of  arms  corresponded  generally  to  those  of  the 
tenaille  system. 

Expoiure  of    -     In  luB  earliest  demgns  Hoiitalembert  had  been  carefid '  to 
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hide  his  principal  casemates  from  tlie  enemy  as  long  as  possible, 
and  this  was  the  object  of  his  continuous  counter  guar  as.  But 
h©  soon  grew  bolder.  If  siege  batteries  in  the  oounterguards 
could  be  overpowered,  why  not  also  those  at  a  greater  dis- 
tance ?  Why  allow  the  enemy  ever  to  reach  the  glacis  ? 
Accordingly  the  highest  tier  of  casemates  in  Fort  Royal  rose 
above  the  crest  of  the  counterguard  so  that  they  could  fire 
directly  upon  the  country,  and  he  confidently  reckoned  that 
with  the  help  of  indirect  fire  from  the  lower  tiers  they  would 
hold  the  besieger  permanently  in  check.  **  One  cannot  knock 
down  a  wall  at  which  one  is  imable  to  fire,"  he  says,  "  and 
since  it  is  impossible  here  to  pretend  that  the  besieger's 
artillery  can  be  brought  into  action,  it  is  absurd  to  dwell  upon 
the  destruction  of  embrasures  and  the  splinters  of  stone."  In 
his  latest  designs  he  went  still  further,  and  suppressed  the 
counterguards  and  earthen  ramparts  altogether,  in  order  that 
even  the  lower  tiers  of  casemates  might  have  a  clear  view  of 
the  country. 

621.  Casemates  being  the  comer-stone  of  all  his  systems,  Construotion 
Montalembert  took  great  paias  to  obviate  the  current  objec-  <rf  casemates, 
tions  to  them.     His  anxiety  to  accumulate  an  overwhelming 
armament  led  him  to  place  the  guns  inconveniently  close  (8  or 

9  feet  apart),  and  his  gunports  were  very  contracted.  But  he 
made  ample  provision  for  ventilation,  and  he  was  able  at 
length  to  show,  by  trials  with  a  wooden  fort  of  his  own  con- 
struction, in  the  Isle  of  Aix,  in  1781,  how  much  the  supposed 
inconvenience  from  smoke  and  concussion  had  been  exaggerated 
This  was  a  work  for  coast  defence  against  shipping,  and  it 
set  the  example  of  casemated  coast  batteries  which  has  since  * 
been  so  largely  followed.  There  was  an  earthern  battery  Open 
attached  to  this  fort,  and  in  constructing  it  Montalembert  batteries. 
was  led  to  pay  more  attention  than  he  had  done  before  to 
the  mounting  of  guns  on  open  ramparts.  The  arrangement 
he  adopted  is  shown  in  Fig.  2,  PI.  OXXX  as  adapted  to  his 
tenaille  system.  The  guns  were  mounted  on  low  traversing 
platforms,  and  placed  by  psdrs  between  traverses.  To  avoid 
deep  earthen  embrasures,  the  parapet  in  front  of  them  was  cut 
cway  and  replaced  by  solid  walls  with  gunports  framed  with 
timber. 

Camot 

622.  While  the  Frencli  Engineera  as  a  body  placed  them-' 
selves  in  opposition  to  Montalembert,  Oamot,  one  of  the  ablest 
of  them,  has  beeome  associated  with  him  as  one  of  the  chief 
leadeiB  in  the  revolt  from  the  school  of  Cormontaigne.  He 
ettdy  expressed  his  approval  of  some  of  Montalembert's  pro-* 
posals,  although  he  <£d  not  share  his  ftith  in  the  value  of 
dxposed  casemates,  or  his  antipathy  to  tiie  bastioned  trance. 

Lazare  Camot  was  bom  at  Nolay,  in  Burgundy,  in  1753,  and  Hm  life, 
entered  the  corps  of  Engineers  in  1771.    In  1784,  he  obtaine4 
ihib  medal  of  the  Academy  of  Dijon  for  an  ]^ge  of  Vauban,  and 
in.l7£d  he  »ddiB«ied  to  me  Minuter  of. War. a-xnemoir in  favour 
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of  the  maintenance  of  the  frontier  fortresses  of  France.  Hia 
open  avowal  of  agreement  with  Montalembert  brought  him  into 
disfavour  with  the  heads  of  his  corps,  and  in  an  appeal  to  the 
National  Assembly,  in  1789,  he  complained  of  the  oppressive 
regime  which  proscribed  all  progress  in  fortification,  and  all 
freedom  of  opinion. 

In  1791,  he  became  a  member  of  the  Legislative  Assembly, 
and  at  once  took  an  active  part  in  the  organisation  of  the 
national  defence.  He  served  as  commissary  of  the  Assembly 
with  the  armies  of  the  frontiers ;  and  from  1793  to  1795,  as  a 
member  of  the  Committee  for  Public  Safety,  he  had  the  general 
direction  of  all  the  military  operations.  The  extraordinary 
development  of  strength,  and  the  unexpected  successes  of  the 
Republic,  were  due  to  him  more  than  to  anyone  else.  As  a 
member  of  the  Directory,  from  1795  to  1797,  he  continued  to 
have  the  chief  care  of  the  armies;  and  in  1800,  when 
Buonaparte  became  First  Consul,  Carnot  was  made  Minister 
of  War.  But  he  was  too  staunch  a  Republican  to  hold  this 
position  long.  He  resigned  in  1802;  voted  against  the  life 
consulship,  and  retired  into  private  life  until  Napoleon's 
reverses  in  1814.  He  then  offered  his  services,  and  was 
appointed  governor  of  Antwerp,  which  he  held  until  the 
Emperor's  abdication.  On  the  return  of  Napoleon  from  Elba  he 
was  made  Minister  of  the  Interior;  and  after  the  second  fall 
*of  the  Empire,  he  was  banished  from  France,  and  died  at 
Magdebourg  iiy  1823. 
Traits  de  la  623.  It  was  while  living  in  retirement  during  the  Empire, 

Defense  des      that  his  chief  work  on  fortification  was  written.     The  little 
Places  Fortee.  resistance  which  many  fortresses  had  recently  made,  convinced 

Napoleon  that  the  defence  of  these  fortresses  had  not  been 
properly  conducted,  and  that  the  engineers  had  not  applied  the 
means  which  their  art  afforded  to  protract  the  siege.  In  the 
year  1809,  he  invited  Carnot  to  prepare  a  work  which  would 
remind  officers  in  command  of  fortresses  of  their  high  responsi- 
bility, and  point  out  the  resources  which  fortification  affords  in 
aid  of  the  defence.  Carnot  accepted  the  task,  and  published  in 
1810  his  treatise,  "De  la  Defense  des  Pkces  Fortes." 

In  this  work,  after  reciting  some  of  the  most  celebrated 

sieges  of  past  times,  Carnot   proceeds  to  consider  the  causes 

which  ^have  tended   to  abridge   in  so  marked  a  manner  the 

greater  number  of  sieges  of  the  past  and  present  century.    He 

Soriicp.  assigns  as  the  chief  cause  of  the  unsuccessful  result  of  modem 

defences,  that  the  garrison  have  relied  too  much  upon  the 
artillery  and  musketry  fire  from  their  works,  without  attempting 
to  retard  the  attack  by  any  offensive  operations.  He  maintains 
on  the  contrary,  that  sorties,  sometimes  in  force,  sometimes 
merely  to  alarm  the  besieger,  can  alone  ^ve  life  to  the  defence, 
and  afford  the  means  of  protracted  resistance.  These  sorties 
should  be  made,  not  during  the  earlier  period  of  the  siege,  but 
from  the  time  the  approaches  have  advanced  as  far  as  the  third 
parallel 

The  usual  construction  of  fortresses,  however,  renders,  the 
execution  of  such  a  defence  almost  impracticable ;  for  when 
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once  the  besieger  has  crowned  the  salient  place  of  arms  of  the 

covered  way,  a  sortie  can  only  be  made  through  the  small 

sallyport  in  the  re-entering  place  of  arms,  which  is  completely 

seen  from  the  lodgment  at  the  salient.     To  remedy  this  defect,         .         » 

and  to  facilitate  the  execution  of  sorties,  Carnot  proposes  to 

remove  the  counterscarp  wall,  and  to  substitute  for  it  a  counter-  Countenlop- 

slopiQg  glacis  of  gentle  inclination,  which  will  allow  troops  to  ^  glsiciB. 

issue  rapidly  ifrom  the  ditch,  with  a  broad  front,  upon  the  heads 

of  the  besieff  er's  saps. 

The  working  parties  must  be  protected  against  these  sorties 
by  a  strong  covering  force,  and  this  force  must  necessarily  be 
posted  either  in  the  third  parallel,  or  in  the  treuches  in  front  of 
it.  Accordingly,  Carnot  makes  arrangements  to  })Our  a  heavy 
high-angle  fire  into  the  advanced  trenches,  where  the  assailants,  High-anglt 
being  crowded  together,  must  suflFer  much  loss.  This,  he  ^^' 
cmticipates,  will  compel  the  besieger  to  withdraw  his  guard  of 
the  trenches  in  rear  of  the  third  parallel,  leaving  the  heads  of 
his  saps  imperfectly  supported,  and  so  aflFordiog  the  besieged  a 
favom*able  opportunity  for  sorties,  and  for  destrojdng  the 
enemy's  approaches.  IShould  the  covering  parties  advance,  the 
sorties  would  retire,  and  the  fire  would  be  re-opened.  I^his 
alteration  of  sorties  and  high-angle  fire  constitutes  the  leading 
featmre  of  his  method  of  defence. 

The  value  of  high-angle  fire,  in  the  defence  of  fortresses,  is 
uniyersally  admitted,  but  Gamot's  estimate  of  its  elfects  is  very 
exaggerated.  He  proposes  that  his  mortars  shall  throw  cast-iron 
balls  weighing  about  ^Ib.  each,  so  that,  at  each  discharge  from 
a  13-inch  mortar,  600  such  balls  would  be  projected.  He  sup- 
poses six  mortars  placed  at  the  rear  of  the  bastions  attacked, 
and  secured  in  casemates,  and  he  consequently  obtains  a  total  of 
8,600  balls  in  one  volley  from  them.  He  assumes  that  one  in 
180  will  take  effect,  and  that  therefore  one  volley  would  place 
20  men  **horB  de  combat."  Supposing,  then,  that  each  mortar 
fires  100  rounds  daily,  and  allowing  ten  days  from  the  opening 
of  the  third  parallel  until  a  practicable  breach  is  made  in  the 
body  of  the  place,  he  considers  that  the  besieger  during  this 
period  must  lose  20,000  men ;  and  that,  therefore,  if  the  garrison 
were  4,000,  which  would  require  about  this  force  for  the  attack, 
the  whole  of  the  besieging  army  would  be  destroyed.  Such 
assertions  gave  rise  at  the  time  to  much  discussion  in  other 
countries,  and  experiments  were  made  for  the  purpose  of  exposing 
their  fallacy.  These  experiments  show  that  the  number  of  balls 
which  take  effect  has  been  much  overrated  in  Carnot's  calcula- 
tions ;  and  that  also  their  weight  (|-lb.),  and  the  velocity  they 
acquire  in  falling,  are  not  sufficient  to  place  those  they  hit  **  hors 
de  combat,"  the  terminal  velocity  of  a  ^-Ib.  iron  ball,  1-28  inches 
in  diameter,  being  only  about  201  feet  per  second.  If  the  weight 
be  increased,  the  number  of  balls  fired  will  be  proportionately 
diminished. 

624.  After  dwelling  on  the  defects  of  the  systems  of  Camot?i 
Vauban  and  Cormontaigne,  Carnot  offers  three  systems  as  8j»t«m«. 
illustrations  of  his  principles  of  defence.  For  a  generally  level 
site  with  dry  ditches  he  recommends  a  bastioned  trace.  In  low 
ground,  where  the  ditches  are  wet,  and  dead  angles  of  less  con- 
sequence be  prefers  a  tenaille  trace,  on  account  of  its  simph'city 
and  economy ;  and  he  is  led  to  the  same  preference  in  monu- 
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taiiious  countries  from  the  difficulty  of  applying  the  baationed 
trace  to  the  gi'ound. 

In  his  first,  or  bastioned  system,  each  front  of  flie  body  of 
Hie  place  is  covered  by  a  tenaille,  cavalier,  raveliu,  and  counter- 
^ardsj  and  is  backed  by  a  general  retrenchment. 

The  following  ie  the  construction  of  the  trace  of  His 
BTstem : — 

The  side  a  a'  of  the  polygon  ib  about  390  yards  long  (we  PL 
CXXXII,  which  shows  only  half  a  front) ;  it  does  not  repre- 
sent, however,  the  exterior  side,  or  distance  between  the  flanked 
angles  of  the  polygon,  but  is  the  line  between  the  points  given 
'by  the  intersections  of  the  capitals  with  the  prolongation  of  the 
gorge  of  the  tenaille.  The  points  a,  a\  are  t^rmtjd  <Jie  centres  of 
the  bastions.  Through  the  points  a,  a\  draw  the  capitals;  aod 
through  c,  the  middle  point  of  a,  a%  draw  a  perpendicular  to  it, 
extenriing  indefinitely  on  either  side.  Set  off  on  this  externally 
31  yards,  to  fix  the  point  6,  which  will  be  the  centre  cf  the 
tenaille.  From  the  centre  «  set  off  towards  a  and  a  87  yards, 
to  determine  the  points  e,  e\  which  will  be  th.e  ends  of  the 
gorges  of  the  bastions.  Through  the  points  e,  e\  and  flie 
centre  of  the  tenaille,  6,  draw  lines  meeting  the  capitals  of  the 
bastions  in  s,  s' :  e'  s,  es  will  be  the  lines  of  defence,  and  the 
points  a,  s'  will  be  the  flanked  angles  of  the  bastions.  The 
flanks  ed^  e'  d!  are  drawn  perpendicular  to  the  lines  of  defence. 
From  the  points  «,  e\  55  yards  are  set  off  towards  the  centres 
of  the  bastions,  to  fix  the  points  /,  fy  and  the  parts  «/,  e'/',  are 
termed  the  revetted  portions  of  the  gorges  of  the  bastions. 
Through  /.  /',  draw  lines  parallel  to  the  capitals  of  the  bastions ; 
these  parallels,  p/,  g'  f\  will  fm-m  the  reAxred  fianks  of  the  bastions. 
The  points  y,  y',  are   determined  by  drawing  th«   line  q  ^ 

Jmrailel  to  «,  a\  and  9  yards  fi*om  it,  measured  mwardly.  The 
ine  a  ^  marks  the  escarp  of  the  curtain.  The'  magistral  of 
the  front  will,  therefore,  oe  formed  by  the  figure  s  d  ef  g^  g' 
f  e'  d'  %'. 

To  trace  the  general  retrenchment,  draw  a  line  parallel  to 
a,  a',  and  55  yards  from  it,  measured  inwardly;  and  produce 
towards  it  the  retired  flanks  f  g^  f  g\  intersecting  it  in  the 
points  A,  A';  the  line  A,  A'  foims  the  curtain  of  the  general 
retrenchment.  From  the  points  A,  A',  set  off  on  ft,  /,  A'  /',  the 
flanks  of  the  general  retrenchment,  hi^  hf  i\  each  ^6  yards  long. 
An  arc  of  a  circle  having  its  centre  in  the  capital,  and  tangent 
to  i  i'  will  mark  the  face  of  the  salient  poition. 

The  faces  of  the  tenaille  are  traced  by  the  lines  of  defence, 
and  its  gorge  is  formed  by  the  line  a  a'  joining  the  centres  of 
the  bastions.      Its  end  walls  are  kept  11  yards  from  the  flanks. 

The  flanks  of  the  cavalier  kl^  kf  l\  are  perpendicular  to  the 
face  of  the  tenaille,  and  55  yards  distant  from  the  i^-eatering 
angle  h :  the  domi-gorges  are  parallel  to  the  faces  of  the  tenaiUeii 
and  13  yards  distant  from  them.  The  flanks,  ifcf,  i'  l\  are  each 
65  yards  long,  measured  from  the  demi-gorgee,  and  tlie  faoes 
are  determined  by  prolonging  the  hue  passing  through  the 
shoulders  of  the  collateral  bu^itons  and  the  extzemities  l^  l\  of 
the  flanks. 
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The  counterguards  are  26  yards  broad,  and  are  surrounded  Oounter- 
bv  a  ditch  13  yards  wide.     They  hide  the  detached  escarp  wall  K'**^* 
of  the  bastions,  which  would  otherwise  be  seen  from  the  countiy. 
They  are  made  as  naiTow  as  possible,  so  as  not  to  give  room 
for  breaching  batteries. 

The  ravelin  is  traced  by  construcling  an  equilaterial  triangle  Eayelin. 
upon  a  a.  Its  faces  are  also  26  yards  broad.  Camot  does 
not  consider  the  ravelin  as  absolutely  necessary,  but  recom- 
mends it  as  obliging  the  besieger  to  open  his  attack  at  a  greater 
distance  from  the  fortress,  and  as  covering  the  issue  of  sorties, 
and  hindering  the  enfilade  of  the  works  behind  it. 

Instead  of  a  steep  counterscarp  there  is  a  ooimtersloping  CHadB. 
glacis,  the  breadth  oi  which  is  dependent  upon  the  amount  of 
excavation  required  in  the  ditch,  and  is  generally  52  yards. 

625.  The  magistral  line  in  the  above  construction  is  the  Detaila  o£  a 
exterior  of  the  escarp  wall,  or  in  the  outworks,  which  have  no  ^^^^* 
escarp  widl,  the  foot  of  the  exterior  slope.     The  escarp  wall  of  Escarp  walls. 
the  curtains  is  a  low  retaining  wall,  but  those  of  the  oastions, 

and  of  the  general  retrenchment,  are  detached  walls. 

The  latter  are  pierced  with  loopholes,  and  in  order  to 
protect  the  defenders  from  ricochet  fire,  arched  recesses  are 
formed  in  them,  6^  feet  wide,  and  each  containing  two  loop- 
holes. The  floor  of  the  recesses  is  raised  3  feet  above  the  patrol 
path,  in  order  to  prevent  shells  or  other  missiles,  which  might 
mil  in  the  latter,  from  rolling  into  them.  In  the  faces  of  the 
salient  portions  of  the  general  retrenchment  the  wall  has  two 
tiers  of  loopholes. 

Behind  each  of  these  salient  jportions,  and  separated  from  Casematod 
the  escarp  wall  by  a  ditch  23  feet  wide,  is  a  mortar  battery,  com-  ^^J^ 
posed  of  a  number  of  casemates,  each  about  26  feet  wide  in  the 
clear,  and  having  their  axes  parallel  to  the  capital  of  the 
bastion.  The  extreme  casemates  being  intended  for  guns  to 
flank  the  general  retrenchment,  three  embrasures  are  made  in 
the  end  piers  for  this  purpose.  The  remaining  casemates  are 
intended  to  contain  two  mortars  each«  End  walls  can  be  added 
to  these  casemates,  and  they  can  be  made  use  of  for  stores, 
when  not  required  as  a  battery. 

Immediately  in  rear  of  the  mortar  battery,  on  the  curved  Battery 
portion  of  the  rampart  of|  the  general  retrenchment,  Camot  ^®^™\ 
proposes  to  place  a  powerful  blinded  battery  of  11  guns.     The  ment?^ 
object  of  this  battery  is  to  ricochet  the  approaches  upon  the 
capital  of  the  bastion,  and  to  give  a  direct  £re  into  the  interior 
of  the  bastion. 

The  retired  flanks  of  the  bastion  are  open  courtyards,  on  a  ^^^^y  o'  ^^ 
level  with  the  plane  of  site,  and  enclosed  on  all  sides  by  a  ^  ^^' 
loopholed  wall.  They  have  embrasures  for  two  guns  to  flank 
the  ditch  between  the  curtain  and  the  tenaille,  and  they  will 
also  take  in  flank  and  reverse  an  enemy,  who,  having  forced  bis 
way  into  the  bastion,  may  attempt  to  storm  the  salient  portions 
of  the  general  retrenchment. 

626.  A  postern  under  the  middle  of  the  front  of  the  general  Communica- 
retrenchmeiit,  and  a  drawbridge  in  front  of  this  postern,  lead  t^^ns. 
from  the  interior  of  the  place  to  the  terreplein  of  the  curtain, 
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from  which  ramps,  one  on  each  Bide  of  the  bridge,  lead  to  the 
ditch  of  the  general  retrenchment.  The  communications  with 
the  outworks  and  the  country  are  along  the  bottom  of  the  ditch. 
A  postern  under  each  extremity  of  the  curtain  and  adjoining^ 
the  retired  flanks,  leads  from  the  ditch  of  the  general  retrench- 
ment to  that  of  the  curtain.  A  door  in  the  side-wall  of  each 
postern  gives  access  to  stairs  leading  up  to  the  terrepleins  of 
these  flanks.  Two  ramps  lead  fi'om  the  ditch  of  the  curtain  to 
the  terreplein  of  the  tenaille.  An  open  caponier,  which  flanks 
the  ditches  opposite  the  faces  of  the  bastions,  covers  the  com- 
munication between  the  tenaille  and  the  interior  of  the  cavalier* 
A  ramp  on  the  capital  of  the  ravelin  leads  from  its  interior  to 
a  barbette  battery  at  its  salient.  Immediately  in  rear  of  the 
casemated  mortar  battery,  at  the  salient  portion  of  the  general 
retrenchment,  a  posteni  leads  into  the  interior  of  the  place* 
The  communication  to  the  detached  escarp  wall  in  front  of  the 
salient  portion  is  effected  by  posterns  under  the  end  casemates 
of  the  battery,  on  a  level  with  the  ditch,  descended  into  by  a 
flight  of  steps  from  the  patrol  path  in  rear. 

The  Prussian  System. 

Origin  of  the  627.  The  ideas  of  Montalembert  and  Camot  met  with  a 

^[]J^*^  I'eady  reception  in  Germany ;  none  the  less  so  because  they  ran 

""  """  counter  to  the  reigning  system  in  France,  and  were  vehemently- 

opposed  by  many  leading  French  engineers.  The  national  senti- 
ment also  found  its  satisfaction  in  tracing  back  these  ideas  to 
older  German  authors,  such  as  Durer  and  Rimpler.  After  the 
fall  of  Napoleon,  the  works  of  the  more  impoiiant  fortresses 
both  on  tne  western  and  eastern  frontiers  of  Germany  were 
gpreatly  improved  and  added  to  ;  and  in  the  new  constructioner 
the  polygonal  trace,  casemated  keeps,  and  caponiers,  detached 
walls,  and  mortar  casemates  were  generally  adopted,  and 
occasionally  the  countersloping  glacis.  "  Tiie  Prussian  works 
newly  constructed,"  says  General  von  Aster,  one  of  the  ablest 
designers  of  them,  "  are  not  to  be  regarded  in  my  opinion  as 
a  particular  system ;  they  differ  essentially  fi'om  the  old  systems 
in  this  respect,  that  they  let  themselves  be  determined  above 
all  by  the  character  of  the  ground,  and  their  methods,  while 
adapted  to  the  siege  warfare  of  the  present  day,  are  drawn 
freely  from  the  whole  Uterature  of  fortification."  But  in  Bpite 
of  their  variety,  the  principal  works  designed  by  Prussian 
engineers*  during  the  second!^  quarter  of  this  century  (down  ta 
the  time  of  the  introduction  of  rifled  artillery),  belong  broadly 
to  one  school ;  they  are  different  essays  in  the  same  style,  and 
under  similar  general  conditions  of  attack  and  defence ;  and 
though  recent  changes  in  those  conditions  have  called  for  many 
modifications  of  them,  they  still  retain  much  of  their  value,  and 
will  always  occupy  an  important  place  in  the  history  of  fortifi- 

•  With  many  differences  of  detail,  the  works  designed  by  the  Austrian 
engineers  at  Verona,  Cracow,  &c.,  may  also  be  grouped  with  those  of  the  Prussian- 
engineers. 
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cation.    Other  nations,  including  England,  have  since  followed, 
more  or  less  independently,  in  the  track  first  opened  by  them. 

It  was  chiefly  in  the  construction  of  detached  forts,  affording 
mutual  support,  and  converting  a  fortress  into  an  intrenched 
camp,  that,  the  new  principles  were  applied.  These  forts  had 
casemated  keeps  or  defensible  barracks  at  their  gorge49,  the 
masonrjr  of  which  was  hidden  from  the  front  by  the  ramparts, 
but  which  had  platforms  with  eaHhen  parapets  on  their  roof, 
serving  as  cavaliers.  The  keeps  were  camea  back  behind  the 
gorge  line  so  as  to  allow  the  guns  in  their  casemates  to  flank 
the  neighbouring  works. 

At  the  same  time  it  was  recognised  that  the  chain  of  forts 
was  not  in  itself  sufiicient,  and  that  the  interior  enceinte  should 
be  able  to  resist,  not  only  a  coup  de  main^  but  a  regular  si<=^ge. 
Enceintes  had  to  be  newly  made  or  remodelled ;  and  after  a 
time  it  was  found  best  to  do  this  by  placing  strong  independent 
works,  designed  upon  the  same  general  principles,  at  the  most 
important  points,  and  connecting  them  by  simple  lines.* 

628.  An  example  of  the  Prussian  school  is  given  in  Prussian 
Plate  CXXXIir.  It  illustrates  the  above  remarks.  The  "^^^^^ 
exterior  side  of  the  front  is  about  650  yards  (600  metres) 
long.  It  is  flanked  by  a  central  caponier,  which  is  pro- 
tected by  a  detached  bastion.  The  salient  of  this  bastion 
is  an  angle  of  about  95^  and  is  placed  162  yards,  or 
one-fourth  of  the  exterior  side,  in  front  of  that  line.  The 
width  of  the  ditch  of  the  bastion  being  26  yards,  the  prolonga- 
tions of  its  counterscarp  will  intersect  the  exterior  side  at  points 
one-sixth  of  its  whole  length  from  its  extremities. 

The  main  front  is  here  broken  back  to  flank  the  faces  of  the 
bastion  from  cEUsemates  behind  the  escarp,  as  well  as  frqm  the 
parapet. 

The  central  caponier  forms  the  keep  of  the  whole  front  and  Oaponier. 
sweeps  both  the  interior  and  the  ditch  by  its  flsoiking  fire.  It 
has  two  floors  of  gun-casemates  and  one  for  musketry,  and  on 
the  top  is  a  parapet  completely  commanding  alike  the  outworks 
and  the  body  of  the  place.  It  contains  barrack  accommodation 
for  a  battahon  of  1,000  men,  and  has  a  large  inner  courtyard 
closed  at  the  gorge  bv  a  detached  wall.  The  caponier  is  itself 
flanked  by  three  small  caponiers  at  the  head,  and  one  at  the 
inner  end  of  each  flank* 

The  escarp  nf  the  body  of  the  place  is  a  simple  detached  Detached 
wall ;  that  of  ihe  detached  bastion  is  either  a  detached  wall  with  basfcion. 
piers  and  arches,  or  a  counter-arched  revetment  At  the  salient 
of  the  bastion  there  is  a  mortar  battery  under  the  rampart,  and 
a  casemated  traverse  for  howitzers  upon  the  terreplem.  The 
flanks  of  the  bastion  are  parallel  to  those  of  the  caponier,  and 
at  the  same  distance  from  it  as  the  faces. 

Masonry  blockhouses,  loopholed  for  musketry,  are  provided  Keeps, 
as  keeps  of  the  re-entering  and  sahent  places  of  arms.    In  the 
latter  case  they  have  stairs  leading  down  into  a  counterscarp 

*  See  "  A  desoripiion  of  tlie  New  Qerman  sjstem  of  Fortification/'  by  Major 
Oeneral  Br^ze,  translated  in  the  Aide-Memoire  to  the  Military  Sciences,  toI.  ii,  p.  47. 
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gallery,  which  serves  as  a  base  for  countermiae  galleries,  and  is 
connected  with  the  detached  bastion  by  a  gallery  under  the 
ditch.     The  counterscarp  is  not  revetted  if  the  ditch  is  wet. 

The  angle  of  the  polygon  should  be  not  less  than  1*60 
degrees,  in  order  that  the  prolongation  of  the  main  ditch  may 
fall  within  the  salients  of  the  detached  bastions  of  the  neigh- 
bouring fronts,  and  the  masonry  of  the  caponiers  may  thus  bo 
hidden  from  outside  view.* 


Section  4. — Amended  Bastioned  Systems. 

629.  The  criticisms  of  Montalembert  and  others  upon  the 
systems  of  Cormontaigne  and  his  successors,  led  many  officers 
of  the  French  Engineers  to  endeavour  to  remedy  the  defects 

Eointed  out,  without  abandoning  the  bastioned  trace.     It  will 
e  sufficient  here  to  notice  those  proposed  by  three  distinguished 
'  engineei"S ;  Chasseloup,  Dufour,  and  Choumara. 

Clumelowp. 

Life.  630.  Fran9oi8,  Marquis  de  Chasseloup-Laubat,  was  bom  in 

1754.  After  seven  years'  service  in  the  Artillery  he  passed  into 
the  Engineers  in  1781,  and  served  throughout  the  wars  of  the 
Republic  and  Empire.  He  directed  the  sieges  of  Maestricht, 
Milan,  and  Mantua,  and  afterwards  of  Danzig ;  and  he  con- 
stnicted  the  fortress  of  Alessandria,  in  Piedmont,  the  works  of  . 
which,  with  the  exception  of  the  citadel,  were  demolished  by 
the  Austrians  in  1814. 

631.  He  published  anonymously  at  Milan,  in  1805,  *'  Extraits 
de  M^moires  sur  quelques  parties  de  TArtillerie  et  des  Fortifica- 
tions," in  which  his  various  proposals  were  brought  forward. 
The  points  which  he  especially  set  himself  remedy  were  : — 

Aimofliis  (1.)  The  exposure  of  the  bastions  to  breaching,  through  the 

waendmenli?.  gapg  alforded  by  the  ditch  of  the  ravelin. 

(2.)  The  sacrifice  of  flanking  power  owing  to  the  overlap  of 
the  lines  of  defence  in  the  bastioned  trace,  and  the 
limits  thus  imposed  on  the  size  of  the  bastions,  and 
extent  of  the  front.  "  If,  in  places  to  be  fortified, 
short  sides  sometimes  present  themselves,  long  sides  , 
more  often  occur :  and  why  should  one  have  a  fancy  . 
for  putting  two  small  fronts  in  place  of  a  single  front, 
which  offers  immense  resources.  Many  fronts  of  a 
place  are  often  fixed,  both  as  to  position  and  extent, 
by  the  site ;  and  it  would  be  difficult,  in  such  cases, 
to  enclose  the  place  and  give  it  the  advantages  it 
ought  to  possess  without  admitting  fronts  of  widely 
different  length.*' 


*  F«>r  details  of  (he  front<,  «m  Wagmer's  *<  Fortiacatorisohor  AUas.' 
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• 

He  also  endearoured  to  trace  his  parapets  so  as  to  avoid 
enfilade ;  to  improve  the  commwnications,  and  get  rid  of  nar- 
row stairs ;  and  to  preserve  the  artillery  of  the  defence  as  long 
as  possible  by  providing  casemates  from  which  the  gims  could 
be  fired,  or  into  which  they  could  descend  by  their  own  recoil 
after  being  fired  over  the  parapets. 

To  meet  those  cases  in  which  large  fronts  are  required,  or  HSa  sjsteoL 
are  admissible,  he  proposed  to  extend  the  exterior  side  up  to  ^  ^f*^ 
about  650  yards,  and  to  break  the  faces  of  his  bastions ;  the 
portion  next  the  shoulder  being  defended  from  the  fiank  of 
the  collateral  bastion,  and  coinciding  with  the  line  of  defence, 
and  the  portion  next  the  salient,  up  to  about  80  yards  in  length, 
being  defended  from  a  central  keep  or  caponier,  placed  in  front 
of  the  tenaille.  This  outer  portion  of  the  bastion  face  might 
either  coincide  with  the  exterior  side,  or  be  thrown  outwards  or 
inwards  at  pleasure ;  so  that  even  a  triangular  fort  need  not 
have  very  acute  salients. 

To  close  the  gaps  afforded  by  the  ditch  of  the  i-avelin,  he  AdTiuioed 
threw  forward  that  work,  with  its  keep,  so  that  the  main  glacis  ™^®^- 
could  be  carried  without  interruption  behind  it.  This 
arrangement  gave  the  further  advantage  of  great  salienoy 
to  the  ravelin ;  but  it  weakened  lie  support  afforded 
to  it  by  the  faces  of  the  bastions,  and  exposed  it  in  some 
degree  to  be  taken  by  assault  at  the  gorge,  at  a  time  when  the 
effective  range  of  firearms  was  so  much  less  than  it  is  now.  The 
advanced  ravelin  was  advocated  at  about  the  same  time  by 
Bousmard,  a  French  engineer,  who,  being  obliged  to  emigrate 
at  the  time  of  the  Revolution,  took  service  with  the  King  of 
Prussia,  and  was  killed  in  the  defence  of  Danzig,  where  he 
found  himself  opposed  to  Chasseloup.  His  "^Essai  General  de 
Fortification  "  had  a  high  reputation. 

632.  In  the  fronts  which  were  actually  constructed  by  Hb  fronts  at 
Chasseloup  at  Alessandria*  and  which  on  that  account  are  of  -Aicwandria. 
more  interest  than  purely  theoretical  fronts,  he  adopted  this 
disposition  of  the  ravelin,  although  the  exterior  side  was  in  this 
case  only  420  yards  (see  PI.  CXXXIV).  The  faces  of  the  bas- 
tions are  here  one-third,  and  the  perpendicular  one-sixth,  of  the 
exterior  side;  but  he  recommended  that  the  perpendicular 
should  be  increased  to  one-fifth,  whenever  the  angle  of  the 
polygon  is  farge  enough  to  allow  this  to  be  done  without 
carrying  the  prolongations  of  the  faces  of  the  bastions  outside 
of  the  adjacent  ravelins.  The  salient  of  the  ravelin  is  60  degrees, 
and  its  faces,  which  are  about  105  yards  long,  are  directed  on 
points  64  yards  from  the  shoulders  of  the  bastions.  The  faces 
of  its  keep  are  directed  upon  the  same  points ;  the  flanks  of  the 
keep,  21  yards  long,  are  parallel  to  the  capital  and  21  yards 
fi-om  it ;  and  the  shoulders  are  deteiTuined  by  the  intersection 
of  the  flanks  with  lines  drawn  perpendicular  to  the  faces  of  the 
ravelin,  through  points  92  yards  from  the  salient.     These  lincFt 


*  A  description  of  these  works,  with  an  atlas  of  plates,  was  published  in  1889, 
hj  Colonel  Macaulaj,  R.E. 
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mark  the  crest  of  the  coiipures  of  the  ravelin,  and  of  the 
traverses  of  the  places  of  arnus. 

The  coupures  have  orillons,  carried  up  to  a  line  drawn  from 
the  extremity  of  the  gorge  of  the  ravelin  to  the  salient  place 
of  arms  of  the  bastion.     A  perpendicular  to  the  face  of  tlio 
ravelin  drawn  from  the  inner  end  of  the  orillon  gives  the  centre 
J  of  the  keep  of  the  re-entering  place  of  arms,  the  demi-gorges  of 

which  are  directed  respectively  upon  the  salient  of  the  ravelin, 
and  the  salient  place  of  arms  of  the  bastion. 

The  main  ditch  is  23  yards,  and  the  ditcli  of  the  ravelin 
18  yards  wide,  the  counterscarps  being  parallel  to  the  escarps. 
The  keeps  of  the  re-entering  places  of  arms  of  the  body  of  the 
place  are  so  traced  as  to  close  the  gaps  between  the  tenaille 
and  the  flanks ;  the  central  keep,  in  front  of  the  tenaille,  is 
screened  by  them  from  the  besieger's  batteries  opposite  the 
sahents  of  the  bastions,  though  it  is  able  to  bring  a  reverse  fire 
upon  any  breaches  in  the  bastions  near  the  shoulders.  All  the 
keeps  of  the  places  of  aims  are  casemated  works,  and  are  con- 
nected by  coimterscarp  galleries. 

A  casemated  building,  open  in  rear,  and  covered  by  an 
earthen  traverse  in  front,  is  placed  in  the  interior  of  the  bastion, 
to  receive  the  artillery  when  it  can  no  longer  be  kept  on  the 
ramparts ;  and  this  would,  at  the  last  moment,  be  connected 
with  the  coupures  on  the  faces,  to  form  a  retrenchment. 

The  tenaille  is  provided  with  casemated  flanks  protected  by 
detached  masks  (see  Fig.  2,  PL  CXXXIV),  so  that  if  the  flanks 
ef  the  bastions  are  silenced  the  main  ditch  may  still  be  defended. 
These  tunneled  masks  are,  perhaps,  the  most  valuable  of 
Ghasaeloup's  suggestions,  especially  since  breaching  by  curved 
fire  from  a  distance  has  been  introduced.  Masks  of  this  nature 
are  frequently  spoken  of  as  C/iasseloup  masks. 

l)ufour. 

Mto.  633.  G.  H.  Dufour  was  bom  at  Constance  in  1787.     His 

parents  belonged  to  Geneva ;  and  that  city  having  been  incor- 
porated in  the  French  territories,  he  was  admitted  to  the 
tolytechnio  school  in  1807,  and  took  part  in  the  last  campaigna 
of  the  Empire  as  an  officer  of  the  French  Engineers.  He 
afterwards  passed  into  the  service  of  the  Swiss  Confederation, 
and  was  appointed  chief  instructor  of  the  engineer  corps  at  the 
Military  School  at  Thun.  In  1847  he  commanded  the  army 
which  put  down  the  Sonderbund,  and  maintained  the  unity  of 
the  Confederation.     He  died  in  1875. 

In  1822  he  published  a  treatise  on  Permanent  Fortification, 
in  which,  after  describing  the  systems  of  Vauban  and  his 
successors,  he  points  out  some  of  the  defects  still  to  be  found 
in  the  latest  of  them — the  system  of  the  school  of  M&siferes. 
He  discusses  the  proposals  that  have  been  made  to  get  rid  of 
these  defects,  and  finding  them  either  inadequate,  or  too 
revolutionary,  he  offers  some  connections  of  his  own.  He  is 
anxious  to  avoid  novelty  as  much  as  possible,  and  confines  his 
alterations  entirely  to  the  outworks.    To  protect  the  ravelins 
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from  enfilade,  and  to  close  the  gaps  afforded  by  their  ditches 
for  breaching  the  faces  of  the  bastions,  are  the  objects  that  he 
aims  at 

634.  With  the  first  object  he  proposes  to  place  a  cavalier  at  Protection  of 
the  salient  of  the  ravelin,  26  feet  nigher  than  its  crest ;  and  he  J^®  raTclin 
calculates  that  if,  in  addition  to  this,  a  fall  of  3  feet  is  given  to  g^fi^adc. 
the  faces,  the  terrepleins  "will  be  perfectly  secure  from  ricochet 
fire  for  a  length  of  about  100  yards.    But  it  is  necessary  to 
construct  this  cavalier  in  such  a  manner  as  to  make  it  of  little 
use  to  a  besieger,  when  established  there,  for  firing  into  the 
works  in  its  rear. 

The  following  is  the  trace  he  adopts  for  the  ravelin  (see  RaTclin. 
PI.  CXXXV).  The  salient  angle  is  maae  60  degrees,  and  lines 
are  drawn,  directed  on  points  on  the  faces  of  the  bastions 
36  yards  from  the  shoulders,  forming  the  primitive  triangle.  At 
a  distance  of  49  yards  from  the  salient  of  this  triangle  a 
perpendicular  is  drawn  from  the  face  towards  the  capital, 
26  feet  in  length ;  and  a  Une  drawn  from  the  point  thus 
obtained  to  the  intersection  of  the  counterscarp  of  the  bastion 
with  the  side  ol  the  primitive  triangle,  gives  the  "magistral 
line  of  the  face  of  the  ravelin.  This  construction  !s  adopted 
on  account  of  the  difference  in  rehef  between  the  ravelin  and 
the  cavaher. 

The  thickness  of  the  parapet  of  the  cavalier  is  only  13  feet,  Oaralier. 
and  not  being  intended  to  receive  artillery  it  is  constructed  with 
a  banquette  only,  the  interior  slope  being  continued  at 
46  degrees  down  to  the  terreplein  of  the  ravelin.  The  ends 
of  the  cavalier  are  retained  by  walls,  to  which  a  thickness  is 
given  just  sufficient  to  resist  the  pressure  of  the  earth,  so  that 
they  can  be  easily  destroyed  by  the  fire  of  the  artillery  of  the 
place,  when  a  besieger  having  made -a  breach,  endeavours  to 
establish  himself  on  it.  The  earth  falling  with  the  masonry 
will  diminish  the  space  for  a  lodgment  already  reduced  by 
breaching  the  escarp.  But  if  it  is  feared  that  the  enemy  may- 
be able  to  use  it  as  a  cover  in  case  it  is  not  totally  destroyed,  a 
set  of  mines  may  be  prepared  beforehand,  which  will  throw 
into  the  ditch  a  great  part  of  the  eai'th,  as  well  as  the  lodgment 
of  the  besieger.  The  cavolier  is  ascended  by  two  flights  of 
steps,  placed  at  at  the  extremities  of  the  faces.  It  is  supposed 
that  after  the  space  for  a  lodgment  has  been  cBminished  by  the 
breaching  of  the  escarp,  the  parapet  which  a  besieger  would 
make  upon  the  cavalier  would  be  at  least  10  feet  lower  than 
the  crest  of  the  original  parapet.  It  is  proposed,  therefore,  at 
this  height  to  place  a  bed  of  stones,  or  what  is  better  still, 
large  masses  of  masonry,  from  6  to  10  feet  thick,  in  the  heart 
of  the  rampart  of  the  cavalier.  The  difficulty  a  besieger  will 
encounter  from  this  obstruction,  together  with  a  well  directed 
fire  from  the  body  of  the  place,  will  render  his  position  unten- 
able, and  obUge  him  to  descend  on  to  the  terreplein  of  the 
ravelin,  where  he  can  more  easily  obtain  cover. 

The  keep  of  the  ravelin  is  separated  from  the  outer  work  Keep  of 
by  a  ditch  11  yards  wide,  the  bottom  of  which  is  6^  feet  higher  t^«  — '" 
than  that  of  the  ravelin,  and  13  feet  higher  than  the  main 
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ditch.  The  faces  of  this  keep  are  parallel  to  those  of  the 
ravelin,  and  are  directed  on  the  crest  at  the  shoulder  of  the 
bastion;  its  gorge  is  traced  by  a  line  joining  the  points  of 
intersection  of  its  counterscarp  with  that  of  the  body  of  the 
place.  The  flanks  aie  constructed  as  in  the  system  of  the 
school  of  Meziires,  that  is  to  say,  they  are  chords  of  arcs 
struck  from  a  point  in  the  escarp  of  the  bastion,  midway 
between  its  salient  and  the  prolongation  of  the  face  of  the 
cavalier;  but  they  are  made  27  yards  instead  of  19  yards  in 
length.  The  faces  of  the  keep  have  only  a  banquette,  the 
interior  slope  descending  to  the  teiTeplein  of  the  work,  which 
is  at  the  same  level  as  the  ditch.  The  flanks  consist  merely  of 
loopholed  walls,  of  the  same  height  as  the  escarp  of  the  faces, 
the  loopholes  being  pierced  10  feet  above  the  bottom  of  the 
ditch,  and  a  banquette  formed  to  enable  the  troops  to  use 
them.  The  reason  for  making  the  flanks  in  this  way  is  that  the 
besieged  should  continue  to  hold  the  keeps  of  the  re-entering 
places  of  arms,  in  spite  of  the  capture  of  the  keep  of  the^ 
ravelin;  and  therefore  the  flanks  of  the  latter  must  have  no 
command  over  the  fonner,  and  must  give  no  cover  to  the 
besieger.  The  crest  of  the  faces  haii  a  conwderable  fall  from 
the  salient,  so  that  the  plane  of  defilade  will  pass  above  the 
besieger's  lodgment  on  the  cavalier. 

635.  In  order  to  prevent  the  faces  of  the  bastion  from  being 
seen  and  breached  through  the  ditch  of  the  raveUn,  as  soon  as 
the  besieger  has  crowned  the  covered  way,  Dufour  proposes  to 
unite  the  coupure  of  the  ravelin  with  the  keep  of  the  re-entering 
place  of  arms,  forming  a  single  work,  the  escarp  of  which  is  to 
be  covered  by  a  glacis  traverse  in  the  ditch  of  the  ravelin.  An 
interval  of  10  feet  is  lelt  between  this  traverse  and  the  escarp 
of  the  ravelin,  to  prevent  escalade  of  the  latter,  and  to  serve  as 
a  means  of  communication  to  the  ditch  of  the  ravelin.  This 
interval  is  covered  by  the  shoulder  of  the  cavalier,  and  closed  by 
a  barrier-gate.  A  small  gallery  under  the  traverse  flanks  the 
gate,  which,  being  in  a  dead  space,  is  liable  to  be  blown  in ;  or, 
if  necessary,  a  gallery  may  be  constructed  in  the  retaining  wall 
of  the  cavalier. 

A  line  drawn  fi'oni  the  salient  of  the  cavalier  to  a  point  on 

the  capital  of  the  bastion,  27  yards  from  the  flanked  angle,  gives 

place  of  arms,  ^j^^  counterscarp  oT  the  outer  face  of  the  keep  of  the  place  of 

arms.  To  obtain  the  counterscarp  of  the  other  face,  a  line  is 
drawn  from  the  angle  of  the  shoulder  of  the  keep  of  the  ravelin, 
perpendicular  to  its  face.  The  escarp  is  traced  parallel  to  these 
lines,  and  23  feet  from  them.  The  thickness  of  the  parapet  is,  as 
in  other  cases,  18  feet.  From  this  trace  it  follows  that  the  outer 
face  of  this  keep  is  quite  protected  from  ricochet  by  the  cavalier. 
To  protect  the  other  face  a  bonnette  is  placed  at  the  salient, 
giving  cover  to  three  guns  which  sweep  the  ditch  of  the  i-avelin, 
and  a  traverse  is  placed  in  the  prolongation  of  the  parapet  of 
the  ravelin,  giving  cover  to  two  guns  which  sweep  its  terreplein. 
A  fall  of  3  ieet  is  given  to  the  outer  face  to  prevent  it  from 
being  taken  in  reverse  from  the  salient  of  the  keep  of  the 
ravehn,  and  the  crest  of  the  inner  face  is  made  of  the  same 
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height  as  that  salient.  The  rampart  of  the  inner  face  is  retained 
by  a  revetment  which  can  be  destroyed  when  a  besieger 
endeavours  to  establish  his  breaching  batteries  here;  that  of 
the  outer  face,  not  being  available  for  this  purpose,  has  au 
earthen  slope. 

A  ramp  along  the  revetted  face  leads  from  the  interior  of  CJommunioa- 
the  work  to  its  teiTeplein,  and  a  postern  leads  from  the  interior  *>o^i»- 
into  the  ditch.  From  the  ditch  a  ramp,  under  fire  from  the 
bastion,  leads  to  the  covered  way.  Another  ramp  at  the  gorge 
of  the  keep  leads  down  to  the  main  ditch.  A  wall  is  carried 
along  the  gorge  from  the  end  of  the  inner  face  to  prevent 
surprise,  and  as  a  defence  against  the  fire  of  musketry  from 
the  flank  of  the  keep  of  the  ravelin.  It  has  a  gate  opposite 
the  ramp  leading  to  the  terreplein,  enabling  the  garrison  to 
commumcate  directly  with  the  ravelin. 

636.  These  modifications,  the   author  shows,   have   other  Adyantagee. 
advantages  besides  preventing  a  besieger  from  making  a  breach 

in  the  body  of  the  place,  on  crowning  the  covered  way  at  the 
.  salient  of  the  ravelin.  The  communications  are  rendered  easier. 
The  keeps  of  the  re-entering  places  of  arms  are  larger  and 
better  adapted  than  the  coupure  to  dispute  the  possession  of 
the  ravelin.  From  their  retired  position  they  do  not  mask  the 
fire  of  the  bastions,  which  can  thus  more  effectually  sweep  the 
glacis  of  the  ravelin  and  of  the  places  of  arms.  Their  ditches 
are  no  longer  dead  spaces,  the  one  being  partly  defended  by 
the  bastions,  the  other  by  the  loopholed  wall  of  the  flank  of 
the  keep  of  tlxe  ravelin*  A  besieger  cannot  easily  establish 
batteries  in  any  of  the  exterior  works^  and  he  is  obliged  to 
crown  the  covered  way  of  the  bastion  in  order  to  breach  it. 

Chortnmra. 

637.  Captain  Theodore  Choimiara,  of  the  French  engineere,  His  objeoU. 
(born  in  1787),  published  in  1827  his  **  Memoires  sur  la  Forti- 
ncation,"  in  which  the  genei-al  principles  of  fortification   are 
discussed  with  a  clearness  and  force  of  style  hardly  to  be  found 
elsewhere.     It  was  not  his  object  to  contrive  a  new  system, 

"  the  least  defect  of  which  is  to  require  the  demohtion  of 
everything  that  now  exists,"  but  to  find  out  improvements 
which  may  be  applicable,  either  in  whole  or  in  part,  according 
to  circumstances  and  situations,  to  actual  works.  Accordingly, 
he  took  the  bastioned  trace  as  his  groundwork,  but  without 
excluding  other  traces  to  which  most  of  his  modifications  would 
be  equally  suitable. 

Of  the  various  ideas  developed  in  this  work,  the  two  most 
fruitful  are  the  principle  of  the  independence  of  parapets,  and  the 
proposal  of  an  inner  glacis, 

638.  All  permanent  works,  as  the  author  points  out,  are  IndependMM 
made  up  of  two  separate  parts :  a  lower  part,  comprising  the  ^  !»»?•<■► 
masonry  escarps  and  counterscai*p8,  and  forming  the  obstacle 
against  assaults,  which  constitutes  the  permanent  part  of  the 
work,  and  cannot  be  modified  during  a  siege ;  and  an  upper 
part,  comprising  the  earthen   "covering  masses"   (ramparts, 
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parapets,  and  traverses)  for  protection  against  the  enemy's  fire, 
whicn  constitutes  the  variable  part  of  the  work,  and  may  be 
readily  modified  to  meet  the  progress  of  the  attack.  With 
some  insignificant  exceptions,  it  nad  been  the  constant  practice 
of  all  engineers  to  attach  the  variable  to  the  permanent  pai-t, 
and  to  make  the  parapet  always  conform  to  tne  trace  of  the 
escarp.  Chonmara  for  the  first  time  laid  down  their  mutual 
independence,  as  a  general  principle,  and  showed  how  this 
principle  might  be  applied. 

Plate  CXXXVI  gives  some  applications  of  it  to  a  bastion. 
In  order  that  the  fall  of  the  escarp,  when  breached,  may  not  bring 
down  the  parapet  along  with  it,  Choumara  prefers  to  retire  the 
latter,  leaving  a  "  corridor,"  and  lower  parapet  for  musketry 
{see  Section  to  Fig.  3).  The  retired  parapet  may  be  thrown 
into  a  direction  perpendicular  to  the  ditch  of  the  ravelin  which 
it  is  intended  to  flank,  and  near  the  shoulders,  where  breaches 
cannot  be  made  from  the  glacis,  it  may  be  brought  back  again 
to  the  escai-p,  fmniishing  a  short  flank  to  act  either  against 
the  besieger's  counter  batteries  on  the  glacis,  or  against  his 
lodgment  on  the  breach  at  the  salient  of  the  bastion 
(Figs.  1—3).  To  brin^  heavier  fire  upon  the  counter-batteries 
the  flanks  of  the  bastions  may  be  prolonged,  and  the  pai-apet 
of  the  curtiiin  broken  back,  and  in  this  case  it  will  be  best 
to  retire  the  inner  part  of  the  flank  parapet,  leaving  a  lower 
flank  available  for  musketry  (Fig.  1).  If  the  besieger  is 
advancing  upon  the  capital  of  a  bastion,  the  crest  of  the  parapet 
may  be  rounded  so  as  to  give  fire  in  this  direction  (Fig.  1)- 
Engineers  have  been  at  great  pains  to  protect  the  faces  of  the 
bastions  from  ricochet,  by  throwing  the  prolongations  on  to  the 
adjacent  ravelins,  and  Bousmard  proposed  to  cui*ve  the  escarp 
of  the  bastions  with  this  object.  But  it  can  be  very  simply 
efiected  by  drawing  back  the  parapet  at  the  salient,  so  that 
its  two  faces  shall  form  a  more  obtuse  angle  than  that  of  the 
magistral  line. 

Choumara,  however,  has  no  great  confidence  in  this  as  a 
hindrance  to  ricochet.  He  is  strongly  in  favour  of  higli 
traverses  on  the  capitals,  as  being  more  effective,  and  occupying 
less  room  than  lower  traverses  at  intervals  on  the  faces 
(Fig.  2).  To  give  these  high  traverses  still  more  value,  he 
recommends  that  they  should  be  casemated,  so  as  to  receive 
some  guns  which  will  give  a  reverse  fire  upon  the  salients  of 
the  ravelins,  and  also  to  furnish  high-angle  fire  upon  the  capital 
of  the  bastion  itself.  He  proposes  to  place  similar  casemated 
traverses  also  at  the  shoulders  (Fig.  3),  to  cover  the  pieces 
mounted  there,  and  to  secure  the  flanks  from  ricochet.  Three 
such  traverses  in  each  bastion  will  afford  excellent  shelter  for 
men  and  material. 

639.  "  Batteries  established  on  the  crest  of  the  glacis,  which 
the  besieger  reaches  without  any  difficulty,  are  alone  sufficient 
to  breach  all  those  portions  of  the  escarp  which  it  is  of  the 
most  importance  to  preserve,"  viz.,  not  onljr  the  salients,  but 
the  shoulders  of  the  bastions,  and  the  extremities  of  the  curtain. 
**  The  really  important  problem,  therefore,  is  not  merely  how  to 
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dose  the  gaps  furnished  by  the  ditches  of  the  ravelins,  but  how 
to  prevent  any  practicable  breaches  being  made  in  the  bastions, 
or  their  retrenchments,  from  the  crest  or  terreplein  of  the 
covered  way."  With  this  object,  Choumara  proposes  to  widen 
the  ditch,  to  maintain  the  full  depth  only  for  about  eleven  yards 
from  the  foot  of  the  eecai'p,  and  to  occupy  the  remaining  space 
by  an  inner  glacis.  Supposing  this  glacis  to  have  the  profile 
shown  in  the  section  to  Fig.  3  with  a  slope  of  ^,  and  a  reveree 
slope  of  -j-j  the  ditch  must  be  64  yards  wide  to  give  a  height 
of  13  feet  to  the  counterscarp,  a  height  which  Choumara  regards 
as  quite  suflScient.  As  the  slope  of  the  glacis  is  well  seen  from 
the  flanks,  it  is  not  strictly  necessary  that  it  should  be  swept 
by  the  fire  of  the  faces  in  rear  of  it,  but  it  is  desirable  to 
arrange,  if  possible,  that  it  should  be  so  swept.  Where  the 
parapet  is  retired,  however,  as  in  this  instance,  this  would 
involve  an  excessive  relief:  and  to  secure  snch  frontal  defence, 
either  the  ditch  must  be  widened  so  that  the  slope  may  be  more 
gentle,  or  the  crest  of  the  glacis  must  be  lower,  leaving  eight 
or  ten  feet  of  the  escarp  exposed  to  view.  Either  of  these 
measures  may  be  resorted  to,  according  to  circumstances^ 
without  any  serious  disadvantage.  Where  the  ditch  is  neces- 
sarily narrow,  as  with  existing  works,  the  reverae  of  the  glacis 
shotdd  revetted,  to  save  space. 

In  order  that  the  besieger  may  not  be  able  to  work  along 
the  ditch  of  the  ravelin,  and  thence  up  the  slope  of  the  glacis, 
a  cut  should  in  this  part  be  made  across  it  parallel  to  the  crest, 
converting  it  into  a  traverse  which  will  not  afibrd  space  for  the 
estabhshment  of  batteries. 

The  effect  of  this  inner  glacis,  Choumara  contends,  will  be  Besieitep's 
to  compel  the  besieger  to  make  a  first  descent  into  the  ditch,  difficulties. 
and  to  sap  along  the  glacis  and  crown  its  crest,  before  he  can 
make  his  breaching  batteries.  In  doing  this  his  workmen  will 
be  exposed  to  every  kind  of  fire,  they  will  have  lost  the  support 
of  the  parallels,  and  in  case  of  sorties  npon  them  they  will  be 
dependent  upon  a  naiTow  gallery  for  their  communications,  a 
trap  for  shells  and  grenades. 

If  the  soil  is  suitable  for  mining,  this  disposition  of  the  ditch  Facilities  for 
is  most  favourable  for  defence  by  countermines.     The  foot  of  copter- 
the  counterscarj)  being  seen  directly  from  the  place,  it  may  be  ™^'*®'* 
built  with  arches  without  affording  useful  cover  to  the  enemy ; 
and  countermine  galleries  run  forward  from  it  can  be  enfiladed 
fi'om  the  ramparts.    It  lends  itself  equally  to  a  defence  by 
water  manoeuvres. 

640.  Besides  these  two  leading  ideas,  the  independence  of  His  remarks 
parapets  and  the  inner  glacis,  many  other  points  are  very  ably  o^.o^«' 
handled  by  Choumara.     He  points  out  that  so  long  as  the  ^"^  ' 
parapet  is  not  supported  by  the  escarp,  the  exposure  of  the 
upper  portion  of  the  latter  is  of  little  consequence,  if  the  total 
height  is  considerable.     Though  it  may  be  destroyed  on  the 
fronts  attacked,  there  remains  the  advantage  of  security  from 
escalade  upon  other  fronts.    He  is  in  favour  of  extending  the 
exterior  side  to  about  650  yards,  on  the  ground  that  an  efficient 
flank  &CQ  can  only  be  furnished  by  artillery,  and  that  the  Umit 
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of  miifiketry  ran^e  is  therefore  unnecesgary.  The  increased 
length  of  &ont  is  devoted  to  enlarging  the  capacity  of  the 
bastions  in  order  to  give  them  strong  retrenchments;  the 
curtains  are  confined  to  the  len^h  needful  to  avoid  dead 
angles,  being  regarded  as  otherwise  useless  for  the  defence. 
The  organisation  of  retrenchments  and  of  outworks  are  both 
fully  considered,  with  the  breadth  of  view  and  the  grasp  of 
general  principles  which  always  distinguish  him. 

*'  Wliat  is  chiefly  required  m  fortification/'  he  concludes,  "  is 
simplicity  and  strength.  It  is  not  cm  a  few  little  contrivances 
carefully  hidden  that  one  can  rely  for  a  good  defence.  The  fate 
of  a  place  should  not  depend  on  the  intelligence  of  a  corporal 
shut  up  in  a  small  post  prepared  for  his  detachment.  Small 
means  produce  smaU  results ;  for  a  plskce  to  be  truly  strdng  one 
ought  to  be  able  to  show  it  to  one's  enemy,  saying : — *  there 
is  the  road  you  will  have  to  traverse,  there  the  obstaeles  yon 
will  have  to  surmount ;  come,  if  you  dare  1 ' " 
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Part  IT. 


Section  5.— Introduotoby  Remarks. 

641.  At  the  end  of  Part  I  of  this  chapter,  the  history  of  a  uew  period 
Fortification  was  brought  down  to  the  early  part  of  the  present  since  1815. 
century.    Since  then,  the  changes  have  been  many  and  various, 
and  it  is  necessaiy  to  carry  it  on  to  a  later  date. 

On  looking  back  at  the  present  time  (1893),  one  sees  that 
the  period  from  1815  till  now,  covers  a  well-marked  era  in 
Fortincation.  It  coincides  with  the  rise,  culmination,  and  com- 
mencement of  the  decline  of  the  Detached  Fort  as  the  main 
element  of  the  defence  of  a  fortress. 

642«  From  the  time  of  Vauban  down  to  that  of  the  Napo-  Earl/  idea  of 
leonic  wars,  the  idea  of  a  fortress  was  that  of  a  place  sur-  ^  fortress, 
rounded  by  a  continuous  line  of  works  called  the  enceinte.  On 
this,  all  the  ingenuity  of  the  defence  was  exercised  so  that  it 
might  hold  out  as  long  as  possible.  Isolated  works  were  not 
infrequently  constructed  in  advance  of  the  enceinte,  but  these 
wei-e  considered  merely  as  supplementing  the  latter  by  com- 
manding ground  unseen  from  it^  so  that  their  capture  was 
necessary  before  the  seiious  business  of  the  siege,  namely,  the 
attack  on  the  enceinte,  could  be  begun. 

643.  The  long  wars  carried  on  against   Napoleon   at  the  Effect  of 
beginning  of  the  nineteenth  century  produced  a  large  crop  of  Napoleonic 
experience,  and  one  result  was  seen  in  the  changes  in  the  form  ^^"' 
of  works  of  defence. 

The  enclosed  enceintes  with  ordinary  outworks  were  no 
longer  considered  of  capacity  to  hold  large  enough  bodies  of 
troops  or  sufficient  quantities  of  stores,  nor  wei'e  they  extended 
far  enough  to  enable  the  troops  and  inhabitants  to  be  protected 
from  bombardment.  The  change  brought  about  is  thus  de- 
scribed in  the  words  of  a  contemporary  writer : — 

**  These  serious  objections  have  caused  a  new  arrangement  Application 
of  defensive  works  in  nearly  all  the  constructions  since  the  peace  of  detachod 
of  1815.    The  ground  to  be  defended  is  shut  in  by  a  series  of  ^<>^'^»- 
strong,  advanced,  and  detached  works,  such  as  lunettes,  forts, 
redoubts,  towers,  &c.    mutually  flanking  and  defending  each 
other,  and  situated  at  from  300  to  2,000  yards  from  the  plaoe, 
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according  to  the  nature  of  the  localities,  and  embracing  a  cir- 
cuit of  several  miles.  Each  work,  having  within  itself  the 
means  of  suwtaining  a  siege,  with  its  small  garrison  protected 
by  good  casemates,  thick  parapets,  and  high  revetments."* 

The  advantages  of  this  change  were  considered  to  be  that, 
besides  remedying  the  defects  betbre  mentioned,  the  number  of 
troops  necessary  to  caiTy  out  an  investment  would  be  much  in- 
creased, owing  to  the  extension  of  the  circle  of  the  defences, 
and  that  fewer  men  would  be  required  to  defend  the  works. 

These  last  anticipations  have  not  been  entirely  justified  by 
experience,  but  they  had  their  eflfect  in  bringing  about  the 
change. 

At  the  same  time  the  mode  of  flanking  ditches  began  to  be 
altered.  Instead  of  the  open  flanks  of  the  bastioned  systems, 
which  were  liable  to  be  destroyed  before  thej"  could  be  brought 
into  use,  casemated  batteries  were  placed  hi  the  ditches,  and  thus 
protected  from  distant  fire.  This  modification  also  assisted  in 
the  introduction  of  detached  forts  since  these  casemates  were 
easily  applied  to  the  defence  of  their  short  ditches. 

644.  The  system  of  defence  thus  initiated  developed  with 
time  and  received  an  additional  impulse  by  the  invention  of 
rifled  artillery,  which  was  first  used  for  a  siege  at  Sebastopol  in 
1855-56. 

It  may  be  considered  to  have  culminated  in  the  immense 
forts  constructed  for  the  defence  of  the  fortress  of  Antwerp, 
which  was  begun  in  1859,  though  this  place  has  also  a  powerful 
enceinte. 

645.  The  development  of  artillery  which  commenced  in 
about  the  year  1879  has  ended  the  reign  of  the  detached  fort  as 
the  single  means  of  defence,  by  necessitating  the  removal  of  at 
least  part  of  its  guns  to  intermediate  batteries,  and  has  at  the 
same  time  given  the  final  blow  to  the  old  enceinte  as  an 
essential  part  of  a  fortress.  What  is  now  becoming  the  type  is 
a  ring  of  redoubts.  Hues,  and  batteries,  combined  together  so  as 
to  afford  one  another  mutual  support  and  assistance,  but  without 
any  one  work  containing  all  the  elements  of  defence  in  itself.)  | 


Foi'ts  at 
Cologne. 


Section  VL— First  Works  after  1815. 

646.  The  first  works  undertaken  after  the  Peace  of  1815 
were  on  the  western  frontier  of  Germany,  to  secure  the  line 
of  the  Khine.  At  Cologne  the  whole  of  the  enceinte  was 
improved  and  strengthened  by  building  a  large  caponier 
within  each  alternate  bastion,  so  as  to  flank  a  face  of  each 
of  those  on  either  side  of  it.  In  addition  to  the  enceinte,  a 
ring  of  10  redoubts  were  projected  round  the  town,  at  a 
distance  of  about  500  yards  from  the  inner  line.  These  were 
constructed  gradually,  as  funds  became  available ;  and  show, 
in  their  designs,  the  progress  of  thought  on  this  subject. 


•  "  Treatise  on  Fortification  and  Artillery."    Major  H.  Straith,  6t1i  edition^ 
1852. 
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647.  Each  of  the  first  two  forts  begun  in  1817  consists  of  Forte  begmk 
a  large  masonry  work  in  two  tiers  of  casemates,'  with  a  parapet  ^  ^®^'^' 
on  top,  PJ.  CXXXVII.      In  front  of  it  is  a  simple  earthwork 

of  two  faces,  whose  ditches  are  flanked  by  casemates  at  their 
inner  ends  firing  towards  the  salient. 

The  masonry  work  is  considered  the  most  important  part 
of  the  fort.  It  is  secure  against  a  sudden  assault,  and  is 
sheltered  against  direct  tire  by  the  earthen  rampart  in  front 
of  it.  It  forms  a  keep  to  the  whole  work,  sweeping  the 
interior  with  musketry  from  the  lower  storey,  and  the  terreplein 
with  artillery  from  the  upper  one,  while  the  parapet  on  the 
top  commands  the  country  around. 

648.  The  forts  built  in  1825,  in  the  continuation  of  the  Forts  begun 
project,  show  a    decided  advance.      The    masoniy  work    is  "^  ^^^' 
smaller;     of    one  storey    only,  and  is    better   covered  from 

fire.  The  earthwork  is  more  extensive;  and  it  is  provided 
with  a  detached  escarp  wall,  which  is  flanked  by  caponiers. 
These  are  better  protected  than  the  gallerijDs  in  the  nrst  designs. 
A  large  number  of  places  in  Germany,  Austria,  and  Russia 
were  fortified  in  a  somewhat  similar  manner. 

649.  In  1830,  Lintz,  on  the  Danube,  was  smTOUuded  with  a  Linte. 
ring  of  towers,  about  600  yards  apart,  on  the  system  advocated 

by  the  Archduke  Maximilian.  The  masonry  of  each  tower 
was  covered  from  view  by  a  glacis,  and  it  had  an  earthen 
parapet  on  top.  Behind  this  parapet,  the  Archduke,  by  means 
of  special  mountings,  was  able  to  place  no  less  than  11  guns 
on  each  tower,  thus  obtaining  a  powerful  fire. 

Lintz  was  exceptional  in  its  details,  but  is  of  interest  as 
depending  for  its  security  entirely  on  its  detached  works,  not 
bemg  provided  with  an  interior  enceinte. 

650.  The  distinguishing  characteristics  of  the  Prussian  Pnusian 
system  of  fortification  during  this  period  are  expressed  in  a  ^'^^^f**^' 
memorandum  of  Major-General  Br^ze,  Inspector  of  Fortifica-  Bkze'T 
tions  at  Berlin,  published  in  1844,  some  extracts  from  which  memorandunu 
follow : — 

"  When  the  foi-tifying  a  piece  of  ground  has  been  determined 
on  by  strategic  principles,  the  engineer  chooses  those  points 
which,  from  then*  formation,  must  be  considered  as  the  most 
influential,  and  the  best  adapted  to  the  consummation  of  the 
different  military  designs;  also  as  the  most  necessary  to  be 
maintained. 

"  These  points  are  made  the  main  posts  of  the  positions. 
Casemated  defensive  barracks  are  constructed  on  them,  in  the 
form  of  round  towers,  or  isolated  angular  castelloy  according  as 
the  range  to  be  commanded  from  them  may  require  the  one 
or  the  other ;  they  are  built,  according  to  circumstance,  with 
two  or  three  stories,  and  are  furnished  on  the  top  with  a 
gun-platform,  sheltered  by  a  parapet,  which,  in  the  manner 
of  a  cavaher,  is  to  overlook  and  command  tlie  surrounding 
country. 

"In  this  manner  are  obtained  firm  posts,  which  afford 
absolute  safety  against  powerful  entei-prises,  and  oblige  the 
(8250)      '  L 


146     HISTORICAL  DETELOPiaiCNT  OF  TERMXTTENT  FORTIFICATION. 

enemy  who  is  moving    to^^ards    iihem    to    make  a  regular 

attack. 

*  «  •  ••  -•  . 

"  If  the  attack  of  ai*tillery  Is  practicable  on  all  sides,  then 
the  towers  must  be  sheltered  all  round ;  but  if  several  of  these 
works  form  together  a  position,  having  in  its  rear  a  large  and 
independent  main  work,  then  the  construction  of  protecting 
lines  T>ecomes  necessary  only  on  those  sides  on  which  the 
•enemy's  advance,  with  ^batteries  and  approaches,  is  to  be 
feared. 

'*  That  part  of  these  works,  then,  which  lies  opposite  to 
the  main  work  in  its  rear,  may  be  considered  as  the  gorge,  and 
as  such  is  only  surrounded  with  a  wall,  to  secure  it  against  a 
coup-de^main^  and  to  enable  the  main-work*  to  be  thrown  open, 
and  to  sweep  the  interior  of  it,  should  the  enemy  succeed  in 
*  fl'iablishing  himself  there. 

'•  The  defensive  barracks,  or  castella,  protected  from  with- 
-out,  as  high  as  the  cordon  of  its  walls,  by  the  raxnpart  thrown 
up  in  front,  forms  now  the  riduit  of  the  whole  work,  and  its 
'  height  is  so  regulated  that  it  may,  from  its  lower  storey,  sweep 
the  terreplein  of  tbe  work  with  musketry ;  and  from  its  upper 
stoiry,  which  is  adapted  for  artillery,  it  may  command  the 
rampart,  and  attack,  with  a  superior  fire,  the  enemy's  lodgment 
there,  should  he  effect  any;  also,  that  it  may  fire  over  the 
rampart  in  front  on  to  the  field  of  attack,  from  the  gun- 
platiorms  lying  over  the  casemates,  which,  in  the  manner  of 
a  cavalier,  command  the  country. 

"  Besides,  the  covered  storey  for  guns  is  well  adapted  for 
placing  howitzers  to  fii-e  incessantly  into  the  works  of  attack, 
approaching  from  the  extreme  edge  of  the  ditch. 

**  The  line  of  the  rampart  suiTounding  the  rcduit  is  placed 
as  becomes  necessary  for  sweeping  the  ground  in  front,  and  for 
flanking  co-operation  of  the  adjoining  works. 

"  The  escarp  is  generally  revetted  with  masonry,  and,  in 
very  exposed  parts,  constructed  with  a  *  revetement  en  decharge,^ 

**  The  ditcn  is  flanked  by  masked  batteries  belonging  to 
the  Work  itself,  which  are  constructed  either  in  the  independent 
cfljponnieres  of  the  ditch,  or  even  under  the  counterscarp. 

•'  The  latter  is  supplied  as  a  part  of  the  system ;  and  the 
covert  way  opposite  the  salient  angle  of  the  work  is  supplied 
with  blockhouses, 

•*  This  in  general  is  the  type  of  our  independent  works,  as  is 

also  shown  in  PI.  CXXXVIII. 

♦  ♦  ♦  ♦  » 

"  Let  us,  for  example,  take  a  fortification  such  as  is  repre- 
sen[ted  in  PI.  CXX  XVIII,  and  it  will  be  seen  here,  that  all  fom* 
works,  whose  mutual  strong  flank  defences  and  supports  (as  far 
as  they  are  affected  by  firing  from  covered  positions)  cannot 
be  destroyed  by  batteries  in  the  parallels,  must  be  taken  one 
after  the  other;   and  the   enemy  cannot   consider  himself  in 

possession  of  the   ground,  or  of  the  avenue  leading  to   the 

-  -    ■■  * ■         ■  ■    .. — . — __ —     II  ■ 

*  i.e.  the  main  part  of  the  adranced  work. 
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l)ridge,  uotU  he  has  tokei^  the  x^iM  of  thd  fouith  and  Ifii^t 

redoubt. 

#  #  *  #  ♦ 

'^  Now,  if  the  ienour  of  the  foregomg  re^arkp  be  «uinixie<}  up, 
we  shall  obtain  the  following  maxims,  \7bich  are  ob&erved  by 
us  (i.e.y  the  Prussians)  in  the  organization  of  our  new  fortresses, 
4)Oi}fiisting  of  isolated  works. 

♦*  Each  independent  work  opposed  to  a  regular  attack 
receives  covered  as  well  as  open  gun  platforms,  for  the  different 
kinds  of  ordnance,  in  thei;L*  appropriate  positions.  The  ditches 
^are  flanked  by  covered  spaces,  in  order  that  the  xxudtx  who  are 
constantly  on  duty  here,  may  be  sheltered  from  a  cjoup^de-TUfii^h 
hand-grenades,  and  the  weather. 

*'  This  flank  defence  of  the  ditch,  corresponding  to  the  isola- 
tion of  the  work,  is  connected  with  it,  and  also  with  the 
redoubt;  if  possible,  by  means  of  covered  communicatious  ;  but 
it  is  not  entrusted  to  an  adjacent  work  that  is  separated  from 
it.  The  masonry,  as  well  as  the  covered  batteries,  must  not  be 
exposed  to  direct  fire  from  the  parallels. 

"Each  work  must  have  a  bomb-proof  place  of  resort  for 
those  men  who  are  off  duty.  This  place,  and  the  magazine  for 
several  days'  provisions,  are  both  coimected  with  the  principal 
redoubt,  lying  in  the  interior  of  the  work,  and  sheltered  from 
the  fire  from  without. 

"  This  redoubt  (if  peculiar  circmnstances  do  not  prevent  it) 
is  pushed  into  the  gorge  of  the  work,  to  gain  thereby  a  more 
spacious  court  in  front  of  it ;  to  obtain  a  sufficiently  safe  posi- 
tion for  the  gorge  and  gateways ;  to  enable  the  works  lying 
behind  the  redoubt  to  observe  its  condition  when  engaged  in 
close  combat,  and  render  assistance  accordingly ;  and  finally  to 
allow  those  of  its  covered  guns  which  project  from  the 
branches  of  the  redoubt,  out  of  the  wall  of  the  gorge,  to  take 
in  reverse  or  flank  from  beliind  the  defences  of  the  gorge,  the 
ienemy's  lodgments  on  the  glacis  of  the  adjoining  works.  This 
is  shown  in  PI.  CXXXVIIl. 

"  By  means  of  this  co-operation  of  the  redoubts,  the  relative 
atrengtb  of  the  independent  works,  standing  with  mutual 
reference  to  one  another,  is  greatly  increased,  and  their  posses- 
sion, which  is  only  to  be  accomplished  by  a  great  sacrifice  of 
time  and  forces  on  the  part  of  the  besiegers,  is  made  a  neces- 
sity to  them. 

**  The  covert  way,  with  its  blockhouses  and  undennined 
glacis,  forms  a  first  strong  line,  which  can  only  be  taken 
possession  of  by  means  of  sapping  and  fining. 

'*'  The  rampart,  with  it»  covered  flank  defences  of  the  ditch, 
forms  a  second  and  strong  position  behind  the  first ;  and  to 
pass  which,  counter  and  breaching  batteries  must  be  erected. 

•**  The  redoubt  in  the  interior  of  the  work,  as  a  '  centre  and 
.commanding  cavalier,'  forms,  lastly,  the  strongest  part  of  the 
whole,  and  is  generally  only  to  be  overcome  by  nnning,  pro- 
vided the  nature  of  the  ground  be  adapted  for  it. 

**  By  refereuce  to  the  foregoing  statement,  we  shall  come  to 
the  conclusion,  that  thus  one  of  the  main  objects  of  the  art  of 
(8250)  L  2 
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fortification  is  accomplished;  viz.,  that  the  strength  of  each 
part  of  the  whole  of  this  system,  rampart,  r^duit,  or  caponnifere, 
whether  acting  as  flank  or  front,  is,  (luring  the  progress  of  the 
siege,  fully  developed,  so  that  no  one  of  them  acfjs  only  a  pass- 
ing or  ineffectual  part,  or  falls  at  its  close  unscathed,  into  the 
hands  of  the  enemy."* 

65L  General  Br^ze  is  strongly  of  opinion  that  an  inner 
continuous  enceinte  should  be  constructed  within  the  line  of 
the  detached  forts.  This  he  consideins  would  in  any  case  be 
required  against  a  cowp-cfe-twain,  and  in  addition  "  the  main  posi- 
tion should  always  be  strong  enough  to  maintain  a  siege  with 
effect,  even  after  the  advanced  outworks  have  been  destroyed." 

The  reason  for  this  is,  that  no  amount  of  strengtheninjg  of 
the  detached  forts  can  possibly  add  so  much  to  the  time 
fchey  could  hold  out  as  would  be  consumed  in  the  siege  of  a 
fresh  set  of  works.  This  is  still  the  argument  brought  forward 
in  favour  of  a  permanent  enceinte. 

The  nature  of  enceinte  advocated  by  him  is  shown  in 
PL  CXXXIII,  p.  133.  It  is  designed  on  the  same  principles 
as  the  detached  forts,  so  that  the  enemy  shall  be  forced  to 
capture  work  after  work,  and  end  by  only  finding  himself  in 
possession  of  a  small  part  of  the  enceinte,  the  remaindw  of 
which  can  hold  out  independently. 

652.  General  Br^ze  ends  his  memomdum  as  follows : — 
*'The   objects  of  the  new  fortification  are  principally  to 

remedy  the  evident  defecta  of  the  '  System  of  Bastions,'  which 
have  been  obviated  by  the  introduction  of  independent  and 
detached  works;  also  of  covered  batteries,  which  cannot  be 
destroyed  from  without, — of  bomb-proof  places  for  the  troops 
in  the  works  themselves,  and  also  in  those  positions  where 
they  are  required  for  the  defence, — by  the  constiTiction  of  ad- 
vanced and  detached  outposts, — and  lastly,  by  establishing 
practical  and  safe  communications  for  all  movements  of  troops." 

"  If  these  principles  have  been  the  leading  ones  in  the 
newly-constructed  works  of  fortification,  still  there  has  been  no 
fixed  system  observed  by  us. 

"  An  incalculable  number  of  places  have  been  systematically 
constracted  with  the  same  trace  and  profile^  and  supplied  with 
the  same  outworks,  without  regard  to  whether  any  part  of 
them  was  on  unapproachable  ground,  and  liable  to  a  regular 
attack  or  not." 

"  What  a  saving  might  have  been  effected,  or  how  might  other 
parts  have  been  strengthened,  without  additional  expense,  if  the 
unapproachable  fronts  had  been  merely  secured  against  a  ccup^ 
de-^main^  and  the  means  thereby  spared  had  been  applied  to  the 
fronts  that  were  liable  to  be  attacked,  or  to  the  advanced 
outposts.'** 

653.  While  the  practice  of  fortification  was  advancing  in 
this  manner  in  Germany,  the  bastioned  system  was  still 
adhered  to  in  France.    The  details  taught  in  the  French  military 


•  "Aide  Memoire  to  the  Military  Sciences,  I860."    Fortification,  Pei*manent. 
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schools,  which  have  6uccessively  borne  the  title  of  the  ** Modern 
French  System,"  have  been  generally  regarded  as  the  best 
•examples  of  the  bastioned  trace. 

In  1840  a  continuous  enceinte  and  a  ring  of  forts  were  con-  Paria  in  1840. 
tstructed  round  Paris,  all  on  the  bastioned  system. 

The  enceinte  consisted  of  94  bastions,  with  masonry  escarps, 
but  sloping  earthen  cotmterscarps. 

Outside  this,  at  varying  distances  and  intervals,  were  16 
forts,  bastioned  either  on  a  square  or  a  pentagon.  The  curtains 
were  casemated,  but  they  had  none  of  the  secure  fighting 
positions  provided  in  the  German  works,  Except  that  the 
principle  of  the  employment  of  detached  forts  was  recognised, 
these  defences  might  have  been  constructed  before  1815. 

An  outline  of  Fort  Issy,  one  of  these  works,  is  shown  in  PI. 
CLVIT,  p.  217. 

654.  In  1824  an  experiment  that  had  an  important  bearing  Breachingof  a 
on  fortifications  was   carried    out   at  Woolwich.      This   was  Camotwall 
breaching  a  hidden  Carnot  (detached)  wall  by  means  of  curved  ^^  Woolwich, 
fire  from  nowitzers.     The  necessity  of  doing  more  for  masonry 
constructions   than   merely  hiding  them  from  view  was  thus 
demonstrated,  but  its  effect  on  design  was  only  gradual. 

655.  In  1864-65  a  great  siege  took  place,  but  strangely  Siege  of 
enough  against  a  place,  Sebastopol,  which  was  not  provided  Seba«topoL 
with  permanent  fortifications  on  the  land  side. 

The  siege  was  in  many  ways  an  exceptional  one  ;  especially 
in  the  very  important  point  that  the  place  was  never  completely 
invested,  but  the  besieged  were  able  to  introduce  troops  and 
supplies  as  required.  The  chief  lesson  to  be  drawn  from  it  is 
the  value  of  a  capable  commandant;  Todleben  at  once  created 
and  defended  Sebastopol. 

Another,  which  is  often  insisted  upon,  is  the  value  of  simple 
earthworks  for  defence,  but  there  is  often  some  confusion  of 
thought  on  this  point.  The  earthworks  were  eflScient  against 
the  artillery  attack  because  they  were  simple  and  strong,  and 
were  put  in  the  places  where  tney  were  found  to  be  wanted. 
Moreover  they  had  none  of  the  unnecessary  complications, 
refinements,  and  finish  which  are  often  of  more  assistance  to  the 
attack  than  to  the  defence.  But  the  actual  earthworks  in  any 
place  are  not  the  main  objects  of  artillery  fire.  These  objects 
are  the  men  and  materiel,  and  the  obstacles.  At  Sebastopol 
"the  men  suffered  severely  from  the  want  of  sufficient  bombproof 
cover.  There  were  no  obstacles  to  speak  of,  therefore  no 
breaching  had  to  be  done.  The  trencnes  were  brought  to 
within  30  yards  from  the  place,  and  it  was  then  stormed 

It  is  to  be  especially  noted  that  had  there  been  the  bomb- 
proof cover  close  at  hand  the  want  of  obstacles  would  not  have 
been  so  much  felt,  as  troops  could  then  have  been  ready  in 
sufficient  numbers  to  repel  tlie  stormers. 

Efficient  shelter  for  the  men  is  one  of  the  first  necessities  in 
fortification. 
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656.  The  iatroducticm  of  rifled  gang  brings  us  near  to  the 
present  period.  A  few  were  used  against  Sebastopol,  but  with 
no  very  marked  results.  Their  effective  introduction  may  be- 
said  to  date  from  the  war  of  1859,  in  North  Italy,  when  the 
French  brought  rifled  artiUevy  into  the  field  against  the 
Autitrians. 

657.  One  of  the  first  effects  upon  Fortification  of  this  war  was 
that  the  Austria»s  added  a  fresh  ring  of  forts  to  Verona,  about 
a  mile  in  advance  of  the  det€kched  foorte  which  already  existed 
there.  In  general,  their  form  was  a  pentagon  with  a  detached 
escarp  wall  having  two  caponiers  at  tne  angles  of  the  shoulders. 
The  gorge  was  closed  by  a  waU  flanked  by  a  central  caponier, 
and  there  was  a  large  bombproof  keep,  the  masonry  of  which 
wa»  as  high  as  the  front  parapet,  afod  which  filled  up  the 
interior  of  the  work*  They  also  built  some  works  at  Borgoforte 
on  the  Po,  of  which  we  shall  hear  again. 

658.  Up  to  this  time  very  little  had  been  done  in  the  way 
of  land  fortification  in  England,  but  at  the  end  of  1859  a  Boyal 
Commission  was  appointed  by  Lord  Palmerston's  Government, 
to  which  Major  W.  F.  Drummond  Jervois  (now  Major-Genera) 
Sir  W.  Jervois)  was  Secretary.  On  February  7th,  18()0,  this 
Commission  furnished  their  report  recommending  the  fortifi- 
cation (){  vaiious  dockyards  and  harbours,  both  on  the  land  and 
sea  sides.  Siiiee  that  time  the  work  on  fortifications  in  the 
British  Empire  has  been  fairly  continuous^  for  when  the  military 
ports  at  home  were  approaching  completion,  those  abroad  were 
taken  in  hand*  Of  late  years,  however,  the  expenditure  has 
been  mainly  on  coast  defences.  We  were  fortunate  is  not  com- 
mencing oiur  large  works  until  the  rifled  gun  had  become  an 
aceomplished  fact,  so  that  the  increase  of  its  rflnge  over  that  of 
smooth  bore  ordnance  was  allowed  for,  although  all  its  efiects^ 
were  not  realised. 

669.  The  type  of  work  which  served  as  a  basis  to  the  first 
designs  is  described  in  Chapter  IV,  para.  520,  on  the  alterations 
desirable  to  be  made  to  existing  works  (see  Pis.  CIII,  CIV,  CV.^ 
The  drawings  Avere  published  in  the  Professional  Papers  of  the 
Corps  of  Royal  Engineers,  New  Series,  VoK  IX,  1860,  as  a  guide 
to  officers  constructing  works  of  defence. 

It  resembles  in  its  general  characteristics  the  German  type 
of  work  advocated  in  1844  by  General  Brize,  but  the  main  loi-t 
is  much  larger  in  proportion  to  the  keep,  and  the  masoniy  and 
casemates  are  better  covered,  and  the  flanking  arrangements 
more  carefully  arranged  to  be  secure  against  enfilade  fire. 

Some  of  the  earlier  works  constructed  according  to  the 
recommendations  of  the  Commission  closely  resemble  this  type, 
but  the  later  works  and  those  on  irregular  sites  show  a  consider- 
able divergence  in  form. 

The  essentials,  however,  are  a  parapet  intended  to  be 
armed  vdth  artillery,  and  a  ditch  forming  an  obstacle,  flanked 
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either  by  caponiera  or  couutorscarp  galleries.  The  works  were 
all  beautifuuj  fimshed  with  sbarp  angles  and  accurate  slopeSy 
thus  giving  great  assistajice  to  the  directioa  of  an  enemy's  nre, 
but  the  design  generally  was  in  advance  of  the  foreign  examples 
of  that  period. 

660.  At  the  same  time  at  which  the  English  defences  were  Fortification 
taken  in  hand,  a  large  work  of  fortification  was  begun  abroad.     ?^  ^9^^^^* 

In  1859  it  was  decided  that  Antwerp  should  be  taken  as  th«^ 
main  pivot  of  the  system  of  national  defence  of  Belgium^  and 
that  the  numerous  frontier  fortresses  should  be  suppressed.  Its 
defeaces  were  therefore  designed  so  as  to  form  ajvast  intrenched 
camp,  capable  of  receiving  100,000  men,  and  affording  them 
fitcinties  for  an  active  defence.. 

The  old  enceinte^  which  the  town  had  long  outgrown,  has  T^eenccinto 
been  demolished ;  together  with  its  famous  citadel,  built  by  the  fortrws. 
Duke  of  Alva  in  1576.     The-  new  enceinte  forms  an  irregular 
curved  Une,  about  9  miles  ia  length,  and  consisting  of  eleven 
fi-onts.    At  the  north  extremity  is  a  citadel  abutting  on  tii<^rLvtBr 
Scheldt  (rid<?  PL  CXXXIX). 

The  seven  southern  fronts  are  alone  exposed  to  regular 
attack.  Their  salients  are  in  xoost  cases  very  obtuse,  so  that  the 
prolongations  of  |;he  fronts  are  intercepted  by  the  ravelins^  but 
the  suburb  of  Berchem  made  it  necessary  to  throw  forward  the 
salient  in  advance  of  it,  and  the  fronts  on  either  side  of  thw 
salient  are  therefore  provided  with  detached  ravelins^  and 
count evguards  to  the  faces,,  to  protect  the  caponiers  of  these 
fronts  from  distant  fii-e>  and  to  make  it  more  difficult  for  a 
besieger  to  establish  himself  at  this  salient.  This,  and  the  two 
salients  nearest  to-  it»  are  also  provided  with  cavaliers. 

The  remaining  four  fi'onts,  between  Deurne  and  the  north  Ilie  (itadel. 
citadel,  are  of  the  simplest  possible  trace.    ITiey  have  a  rampart 
and  broad  wet  ditch,  flanked  by  caponiers,  having  seven  guns 
in  casemates  on  each  side,  but  they  have  no  ravelins. 

The  citadel  is  a  simple  polygon  of  seven  sides,  vaiying  from 
350  to  500  yards  in  length,  and  has  a  broad  wet  ditch.  The 
two  inner  sides,  facing  the  town^  form  a  re-entering  angle,  and 
defend  each  other.  The  remainixig  faces  are  flanked  by  four 
caponiers  aimed  with  artillery. 

The  citadel  is  intended  primarily  to  allow  the  garrison  to 
defend  the  enceinte  up  to  the  last  moment,  and  then  to  cover 
their  retreat.  It  is  also  meant  to  make  them  independent  of  the 
temper  of  the  population..  Its  position  gives  it  the  command  of 
the  Scheldt,  both  beside  and  below  tho  town  ;  so  that  it  can 

Erotect  the  passage  of  the  garrison  from  the  right  to  the  left 
ank,  when  the  enceinte  has  been  forced,  and  can  also  oppose 
vessels  that  may  have  passed  the  lower  batteries  of  the 
Scheldt. 

The  citadel  and  the  four  simple  fronts  adjoining  it  are  pro- 
vided with  a  covered  way  and  an  advanced  wet  ditch  and  they 
can  be  further  covered  oy  aa  extensive  inundation  in  case  of 
attack. 

In  advance  of  this  inundation,  and  extending  from  it  to  the  ^Ww  lurts, 
bank  of  the  Scheldt  above  the  city,  is  a  chain  of  detached  forts. 
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They  are  for  the  most  part  about  1 J  mile  apart,  and  from  2  to  3 
miles  in  front  of  the  enceinte.  They  are  large  and  powerful 
works,  with  a  crest  line  of  more  than  700  yards  on  the  front 
faces,  and  about  the  same  on  the  gorge  side.  Each  was  intended 
for  an  armament  of  120  guns  and  15  mortars,  and  requires  a 

farrison  of  1,000  men.  Their  ditches  are  wet,  and  are  flanked 
y  caponiers  mounting  seven  guns  in  each  flank.  In  the  gorge 
of  each  work  is  a  large  casemated  keep,  screened  by  a  glacis  in 
front,  and  a  redan  in  rear.  It  is  assumed  that  tho.  regular  siege 
of  one  of  these  forts  would  not  be  possible,  in  presence  of  the 
army  encamped  behind  them,  and  that  the  enemy  would  attempt 
to  carry  them  by  assault  after  a  heavy  bombardment.  In  the 
intervals  between  the  forts,  batteries  would  be  thrown  up  and 
armed  to  support  them,  as  soon  as  the  enemy  showed  where  he 
intended  to  attack. 

On  the  left  bank  of  the  river  there  are  other  forts,  as  shown 
on  the  plan ;  and  powerful  batteries  are  made  at  the  bend  of  the 
Scheldt  near  Calloo  for  defence  against  a  naval  attack.  Small 
redoubts  are  also  to  be  made  on  the  dykes  to  the  north  of  the 
place,  lest  gunboats  of  light  draught  should  avail  themselves  of 
the  inundation  to  approach  and  bombard  it. 

It  may  be  as  well  to  remark  here  that  these  detached  forts 
are  considered  out  of  date  and  too  near  the  town,  and  a  fresh 
ring  is  being  constructed  outside  them  (1892). 

66L  As  the  fortress  of  Antwerp  may  be  said  to  represent 
^  im*exMM)le  ^^^  culmination  of  the  polygonal  trace,  on  account  both  of  tlie 

care  and  skill  shown  in  the  design,  and  of  the  scale  on  which  it 
was  canied  out,  a  detailed  description  is  given  of  one  of  the 
strongest  fronts  of  the  enceinte  as  a  comparison  with  those  of 
the  earlier  systems.  The  devotion  of  thought  given  to  its 
elaboration  is  well  worthy  of  imitation,  although  the  exact 
details  will  not  serve  us.     (See  Plates  CXL,  CXLI.) 

On  account  of  the  site,  the  main  ditch  is  wet  ;  it  is  unusually 
wide,  and  is  flanked  by  a  very  powerful  central  caponier.  The 
half  fronts  defended  by  this  caponier  are  termed  the  face^.  The 
head  of  the  caponier  is  itself  defended  by  two  fir&t  fianks^  which, 
in  order  that  they  may  be  concealed  as  much  as  possible  from  the 
enemy's  view,  are  retired,  and  protected  by  orillons  at  the  inn«r 
ends  of  the  faces.  The  curtain  joining  the  first  flanks  is  broken 
into  two  half  curtahis^  which  are  separated  by  a  defensible  hurrah 
constituted  as  a  cavalier  and  retrenchment.  To  protect  this 
barrack  two  wings  are  added  to  the  caponier.  The  caponier  is 
separated  from  the  barrack  by  a  low  terreplein  and  a  narrow 
ditch,  and  these  are  defended  by  two  second  flanks^  placed 
between  the  first  flanks  and  the  orillona.  Immediately  behind 
each  orillon,  and  below  the  flanks,  is  a  place  of  astemhly  for 
troops. 

The  caponier  is  covered  by  a  counterguardy  which  is  composed 
of  two  braywhes,  and  has  a  loopholed  counterscarp  galleiy,  from 
which  countermine  galleries  radiate.  In  front  of  this  again  is  a 
ravelin,  also  composed  of  two  branches^  each  one  made  up  of  two 
crochet*^  and  a  casemated  reverse  battery.  The  ditch  of  the  ravelin 
is  flanked  by  casemated  low  batteries,  which  also  serve  as  keeps  to 
the  re-entering  places  of  arms. 
Comtruetion.  The  construction  of  the  trace  la  as  follows : — 
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The  exterior  side  AB  may  be  taken  as  1,100  yards  *  Body  of  the 

Through  the  middle  point  C,  draw  the  perpendicular  DCP,   place, 
making  CD  104  yards,  and  CP  71  yards.    D  will  be  the  salient  of 
the  caponier.    . 

Through  P  draw  PQ  parallel  to  the  exterior  side  and  125 
yards  long.     Q  marks  the  outer  extremity  of  the  half  curtain. 

From  Q  draw  the  first  flank  QR,  34i  yards  long,  perpendicular 
to  QD.  Draw  RG,  perpendicular  to  the  exterior  side,  and  on  it 
set  off  ES,  12  yards  long,  for  the  second  flank.' 

From  V,  8  yards  from  Q  on  the  line  QP,  draw  VG"  perpendi- 
cular to  the  exterior  side.  On  this  set  off  G"  G'  equal  to  -J  G  G", 
and  join  G  G'  for  the  face  of  the  orillon.  To  complete  the  trace 
of  the  orillon  draw  DK  from  the  salient  D,  directed  on  a  point 
in  RQ  3  yards  from  R ;  and  draw  SK  parallel  to  the  exterior  side. 
The  end  of  the  orillon  is  given  by  a  line  parallel  to  G'V,  and 
4  yards  from  it,  cutting  DK  in  L. 

The  faces  forming  the  end  of  the  caponier  are  given  by  the  Caponier, 
lines  D  Q.     The  caponier  has  an  inner  court  which   extends 
1  22  yards  behind,  and  55  yards  in  front  of  the  exterior  side  ;  its 

width  is  11  yards  at  the  front,  increasing  to  ITJ  yards  at  the  rear. 
The  magistnd  of  the  flank  is  parallel  to  the  side  of  the  courtyard 
:and  33  ycards  from  it.  Thus  it  makes  with  the  exterior  side  an 
angle  of  93^ 

To  trace  the  wing  of  the  caponier,  join.G'  with  C,  the  point  of 
I  interaection  of  the  perpendicular  of  the  front  with  the  inner  end 

of  the  courtyard,  and  draw  a  line  parallel  to  DQ  and  6^  yards 
inside  of  it.  The  extremity  of  the  wing  O  C  is  found  by  drawing 
a  perpendicular  to  the  exterior  side  from  a  point  in  QP,  27  yards 
from  Q,  cutting  QD  in  O' ;  and  the  point  O  is  the  intersection  of 
j  this  perpendicular  with  a  line  drawn  from  the  middle  of  the  second 

1  flank,  RS,  parallel  to  QP. 

I  In  order  that  the  head  of  the  defensible  barrack  may  be  com-  Defensible 

,  pletely  protected  by  the  wings,  it  is  not  carried  beyond  U,  a  barracks. 

point  on  PQ  9  yards  short  of  the  line  LO,  which  passes  through  • 
the  extremities  of  the  orillon  and  of  the  wing,    llie  flanks  of  the 
I    •  barrack  are  about  84  yards  long,  and  make  angles  of  100**  with 

the  head. 

The  counterscarp  opposite  the  head  of  the  caponier  is  revetted,   Outworks, 
and  is  carried  parallel  to  the  faces  of  the  caponier  and  20  yards 
from  them,  until  it  intersects  the  line  DG. 

The  salient  of  the  counter^ard  £  is  180  yards  in  front  of  the 
exterior  side,  and  the  branches  are  directed  on  points  H,  190 
yards  from  C. 

The  salient  of  the  ravelin,  F,  is  295  yards  in  front  of  the 
■exterior  side,  and  the  branches  are  directed  on  points  I,  245  yards 
from  C 

The  width  of  the  main  ditch  is  88  yardsT  at  the  salient  and 
55  yards  opposite  the  orillons.  The  ditch  of  the  ravelin  is  66  yards 
at  the  salient  and  55  yards  at  the  low  batteries.  These  batteries 
are  traced  at  an  angle  of  115^  with  the  branches  of  the  ravelin, 
from  points  48  yards  from  the  intersection  of  these  branches  with 
the  counterscarp  of  the  main  ditch.  A  line  drawn  parallel  to  the 
front  of  the  battery,  and  19  yards  behind  it,  marks  the  rear  of  the 
gun  casemates,  and  this  line>  if  produced,  gives  the  limit  of  the 
raniparts  of  the  ravelin  and  counterguard. 

The  minor  details  of  the  trace  will  be  readily  understood  from 
the  plate. 

With  the  exception  of  the  head  of  the  caponier,  the  defensible   Obstacle, 
barrack,  and  the  half  curtains,  the  escarps  and  counterscarps  are 
unrevetted.    The  wet  ditches  are  the  oostacles  to  be  overcome, 

*  It  actually  varies  from  about  1,000  to  1,150  yards  on  the  Antwerp  fronts.  It 
should  be  observed  that  the  original  dimensions  are  in  m^res,  and,  to  avoid  fractions, 
they  have  not  been  in  all  cases  strictly  rendered. 
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ami  thoM*  aie  widanad  at  the  salients^  because  tha  enemy  would 
^gaaibaJ^  endBavour  to  ctobs  these.  The  depth  of  water  is  about 
10  £aet^  and  the  sucfSBee*  of  the  imatar  is  a£aut  6  feet  below  the 
plane  of  si^ht.  The  escarps  and  coanterscarps  have  a  slope  of  f . 
Thesa  is  aTberm,  16  feat  wide,  for  the  body  of  the  place,  and  6  feet 
wide  £»F  the  saMireUtk. 

The  oonimajid  of  the  hody  of  tha  place  oyer  the  country  is 
37  feat  neaB  tha  salient^  31  feet  6  inchas  at  the  inner  ends  of  the 
fsuc&B  an^l  upan  tha  half  curtains.  Tha  coaunaBd  of  che  ravelin  is 
nsfe  mava  »aia  15>  feat^  and  thafe.  of  the  coviiterguard  not  more 
lAttB^  2f  feet ;.  conaeoa^itl j  the-  outworks  do  not  obstruct  the  fire 
a£  tha  aentral  part  of  tha  ficont^as  ia  uaoally  the  case  in  a  bastioned 
sjiBteiBy  and  uba  besieger  is  ea^wsad  to  &  plunging  fire  in  his 
■eavar  appFOBcheSh 

TO'lacreaar  this  axpoaure,  caandigrs  with  a  command  of  49  feet 
are  made  at  the  salients  (on  same  of  tha  fronts).  They  have  faces 
and  flauJuy  each  about  48  yards  long^  measured  on  the  crest  line  ; 
tha  flanfca  making  angles,  of  140'*  with  the  faces.  These  plunge 
dbmik  upon  tha  basieger'B  lodgments  and  batteries,  and  help  to- 
oppoaa  his  passage  (>f  the  ditch  of  the  ravelin^  and  his  establish^ 
niant  ia»  that  work ;  at  tha  same  time  they  form  very  high 
tnwrarae%  pvotacting  the  faces  from  enfilade  wheve  it  might  other- 
wise be  possible. 

Oa  tna  t<^  of  tiia  defensible  barrack  there  is  also  a  cavalier 
hsMery^  lumng  a  command  of  41  feet,  of  which  the  fianks  sweep 
the  tMnparta  and  take  in  revexse  the  besiesper's  lodgments  opposite 
the  EaTewia  of  the  collateral  fronts,,  while  the  head  directly  opposes 
tile  advance  upon  the  capital  of  its  own  fronL 

The  parapets  are  macie  27  feet  thick  with  superior  slopes  of  j^, 
and  exteriov  slopes  of  j[ ;  with  the  exception  of  the  defensible 
barrack  and  the  caponier  with  its  wings^  which  have  parapets 
^feet  thick,  with  exterior  slopes  of  \.  The  terreplein  of  the 
bady  of  the  place  ia  66  feet  wide^  so  as  to  leave  room  for  continuous 
gnuii-baaks  witii  a  30-feet  roadway  in  rear  of  them.  Shallow 
anbrasurea  are  made  for  fiankinff  gunsy  but  elsewhere  barbette 
fira  ia  adopted.  The  guns  are  either  mounted  on  high  carriages 
which  will  fire  over  a  5-foot  n^rapet,  or  they  are  field  guns  which 
cas  be  quickly  mm  down  from  the  gun- banks,  and  shifted  from 
plac9a  to  place*  Hollow  travetst»  are  piovii^Jed  to  shelter  them, 
and  large  bomietta%  3  feet  high,,  are  nuude  on  the  parapet  to  give 
IpBotaction  anpainat  obiiqua.  fire. 

Tha  nuDapa.  leading  up  to  the  terreplein  from  the  interior  of 
the  place  are  unusually  wide,  26  feet  for  the  body  of  the  place, 
and  18  feet  fea  tha  outworks. 

Tha  beighA  of  the  rampart  of  the  body  of  tlie  place  gives 
unusually  good  cover  behind  it,  and  makes  it  easy  to  construct 
aecvre  bkndages  there  for  the  troops  held  in  readiness  against  an 
aawinlt.  There  are  casemates  for  troops  behind  the  escarp  of  the 
balf-curtauia,  and  the  defensible  barrack  is  capable  of  containing 
2,M0  men  in  time  of  siege.  The  head  of  this  bai*rack,  however, 
ia  not  unlikely  to  be  breached  by  indirect  fire,  as  its  front  wall 
naaa  to  ^a  fall  height  of  the  crest  line  of  the  wings  of  the 
eaponiar  whidi  are  intended  to  screen  it,  bat  which  are  120  feet 
Jiflia<niL  xt  would  probably  be  necessary,  therefore,  in  case  of  a 
siege,  to  fill  u|».  the  front  portions  of  the  casemates  of  the  head. 
(flUU  Fis.  2,.  PL  CXLI.) 

The  defensible  barracks,  besides  acting  as  keeps  and  guarding 
tike  maia  antraoces,  will  also  serve  to  Hank  a  sibockade  or  wall, 
wfaadli  may  ba  carried  along  behind  tha  ramparts  as  a  retrench- 
bruA  ia  case  the  enemy  effects  the  passive  of  the  main  diteh. 

The  first  flanks  of  the  body  of  the  place  have  each  a  double 
tfar  of  guns.  The  upper  tier  is  on  the  main  terreplein.  The 
lower  tier  conaiate  of  six  suaa  in  Haxo  casemates.  The  floor  of 
tbirnt  aaaemataa  ia  01  feet  above  tha  water  leveL  They  are  about 
13  feet  wide  with  piecs.  2faet  thaakj^and  at  tha  outer  end  ia.a 
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jtmmwt  kadiiig  into  tiie  pkMO  of  aas«mbly.  These  flanks  are 
intended,  m  afarendy  mentioned,  to  defend  the  head  of  the 
caponier,  and  great  etress  ie  laid  npon  the  completeness  of  their 
concealment  from  the  enenrr'a  Tiew,  ae  being  the  main  point  of 
enperiority  of  the  Antwerp  mmte,  as  oompared  with  other  poly- 
gonal fronts.  They  can  hie  seen  only  from  the  terreplein  of  the 
cormtergnard,  and  it  is  assnmed  that  the  concentration  of  fire 
npon  this  would  make  it  impossible  for  the  besieger  to  make 
counter-batteries  here. 

The  seccmd  flanks  also  have  a  donMe  tier  of  guns,  with  two  Second  flanks. 
gnns  in  each  tier ;  bnt  the  front  walls  of  the  casemates  are  not 
masked  with  earth,  as  they  are  completely  protected  by  the 
orillona  The  floor  of  these  casemates  is  8  feet  above  the  floor  of 
the  casemates  of  the  fint  flanks,  in  order  tba*:  they  may  fire  over 
the  merlons  protecting  tlie  casemates  of  the  first  flanks,  and  that 
they  may  not  fire  into  each  other. 

The  revetment  walls  of  the  orillons  are  built  with  arched  Shelters 
recesses,  in  which  troops  in  the   places  of  assembly  can  take  under  the 
shelter.    These  troops  are  to  guard  the  berm  and  to  make  sorties  oriilone. 
upon  the  besieger  wnen  he  reaches  it. 

The  caponier  has  in  each  flank  16  gmis  in  casemates,  and  six  OiipoDisr» 
gims  in  open  battery  above.  Of  the  former,  however,  only  eight 
guns  would  ordinarily  be  ready  for  action,  for,  to  give  suflicient 
substance  to  the  earth  merlons  covering  the  front  walls,  alternate 
embrasures  are  filled  up.  If  an  embrasure  is  injured  it  can  be 
closed  and  its  neighbour  opened  ;  or  if  it  is  necessary  to  crush  a 
counter-battery  at  the  salient,  all  can  be  opened  at  once.  Such  a 
counter-battery  would,  therefore,  be  directly  opposed  by  about 
20  gims,  and  at  the  same  time  be  taken  obliquely  and  in  flank  by 
30  more  from  the  neighbouring  caponier.  The  two  most 
advanced  casemates  do  not  bear  on  the  position  of  the  besieger's 
counter-battery.  They  are  screened  from  this  by  the  end  of  the 
counter-guard,  in  order  that  they  may  be  reserved  to  give  a 
reverse  fire  upon  the  faces  when  the  enemy's  troops  are  mounting 
the  exterior  slope. 

The  casemates  are  about  13  feet  wide,  with  piers  3  feet  thick.  Casemates. 
Their  floor  is  3  feet  above  the  water  level.  They  are  66  feet  long 
{vicle  Profile,  Fig.  3),  and  can  therefore  serve  as  quarters  for  the 
men  required  for  the  service  of  the  guns.  They  were  built  with 
large  openings  at  the  rear  into  the  courtyard,  which  would  assist 
ventilation,  and  would  admit  of  mortar  fire  across  the  courtyard 
and  over  the  opposite  flank  ;  but  it  has  become  necessary  to 
block  up  these  openings  almost  entirely,  to  guard  against  splinters 
of  shells  fired  at  hi^  angles,  and  to  prevent  shells  that  may 
enter  through  the  ports  of  one  flank  taking  the  opposite  flank  in 
reverse  {vide  dottea  line). 

The  parapet  of   the  open  battery  has  a  command  of  about  Upper 
3  feet  over  that   of   the  counter-guard,   and  is  provided  with  terreplein. 
traverses,  about   24  feet  wide  and  48  feet  apart,  to  lessen  its 
exposure  to  enfilade. 

The  parapet  of  the  wings,  besides  its  main  function  of  hiding  Wings, 
the  masonry  of  the  defensible  barrack,  adds  to  the  fire  that  can 
be  brought  to  bear  upon  the  terreplein  of  the  counter-guard. 

The  diflSculty  that  the  besieger  would  have  in  making  Head, 
counter-batteries  there,  will,  it  is  assumed,  drive  him  to  attack  the 
caponier  by  mining.  To  guard  against  this,  there  are  counter- 
mines ituder  the  terreplein  of  the  oounter-gnai'd,  and  the  revet- 
ment of  the  head  of  the  caponier  is  formed  with  three  tiers  of 
counter-arches  filled  with  earth,  so  that  it  maybe  difficult  to 
breach,  wliether  by  mine  w  by  artillery. 

The  counter^guard  acts  as  a  keep  to  the  ravelin,  but  its  main  Counter* 
purpose  is  to  cover  the  caponier,  the  half  curtains  and  first  flanks,  guard. 
and  the  communications  across  the  ditch.    In  its  absence,  the 
enemy  when  establi^ed  at  the  salient  of  the  ravelin  would  be 
able  to  breach  the  h#ad  of  the  eR|xmMr,  to  nknoe  the  first  flanks. 
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and  to  make  sorties  impossible.  Its  saJient  is  prepared  for  a 
howitzer  battery,  to  shell  the  besieger's  approaclies  ou  the  capitaL 
It  has  an  exterior  slope  of  \,  down  to  the  dry  ditch  which 
separates  it  from  the  ravelin,  and  at  the  base  of  this  it  is  intended 
that  there  should  be  a  low  wall  or  palisade  as  an  obstacle. 

The  principle  of  the  *' independence  of  parapets"  has  been 
freely  applied  in  the  trace  of  the  branches  of  the  raVelin.  Owing 
to  this,  and  to  the  earthen  roof  of  the  reverse  'battery,  which 
forms  a  traverse  11  feet  higher  than  the  crest,  the  branches  can 
be  less  easily  enfiladed  than  usual,  and  at  the  same  time  good 
frontal  fire  is  obtained  upon  the  capital  of  the  ravelin.  The 
reverse  battery  has  four  gun  casemates  on  each  side.  They  are 
especially  intended  to  make  it  impossible  for  the  besieger, 
without  waiting  to  make  himself  master  of  the  ravelins,  to 
advance  between  them  up  to  the  salients  of  the  body  of  the 
place  ;  and  when  a  ravelin  is  itself  attacked,  the  reverse  batteries 
of  the  collateral  ravelins  afford  it  valuable  support.  The  earth 
mask  at  the  head  of  the  battery  protects  it  against  fire  from  the 
front. 

The  low  batteries  of  the  ravelin  consist  of  six  gun  casemates 
with  magazines  and  guard-rooms.  Their  floor  is  1  foot  6  inches, 
and  the  top  of  the  earth  cover  over  the  arches  17  feet  above  the 
water  level  of  the  ditch.  They  are  kept  as  low  as  possible  in 
order  that  they  may  the  less  obstruct  the  flanking  fire  from  the 
rampart  of  the  body  of  the  place,  and  may  be  the  less  exposed 
themselves  to  the  besieger's  fire.  The  inner  half  of  the  length  of 
the  ditch  is,  however,  necessarily  hidden  by  them  from  the  body 
of  the  place,  and  they  themselves  are  liable  to  be  breached,  not 
only  from  batteries  opposite  the  salient  of  the  raveUn,  but  by 
indirect  fire  from  a  distance.  To  preserve  them  for  a  time  it  is 
proposed  not  to  open  embrasures  in  the  covering  parapet  until 
the  besieger  has  Drought  his  approaches  up  to  the  foot  of  the 
glacis  ;  and  the  possiole  necessity  of  armour- plating  them  has 
been  kept  in  view,  and  prepared  for.  The  batteries  are  enclosed 
in  rear  by  a  loopholed  wall,  to  secure  them  a^nst  assault^  and  to 
protect  the  men  in  them  from  the  case- fire  of  the  caponier  flank- 
ing the  oounterscarp. 

The  covered  way  in  front  of  the  body  of  the  place  is  22  yards 
wide.  In  front  of  the  ravelin  it  is  from  9  to  16  yards  wide, 
being  made  in  crochets  to  avoid  enfilade.  The  length  of  the 
short  branch  of  the  crochets  Is  limited  to  about  6  yards,  so  that 
it  mav  not  give  room  for  the  besieger  to  place  guns  there  to 
breach  the  low  batteries.  Traverses  are  for  the  most  part 
omitted  as  obstructing  the  fire  and  the  movements  of  the 
defenders,  but  a  long  traverse  is  carried  across  the  re-entering 
place  of  arms,  in  order  that  the  communications  with  the 
covered  way  of  the  faces  may  not  be  exposed  to  the  besieger's 
fire,  when  he  is  established  at  the  salient  of  the  covered  way  of 
the  ravelin.  There  is  also  a  traverse  at  this  salient,  and  behind 
this  traverse,  as  well  as  behind  the  traverses  in  the  re-entering 
place  of  ai*ms,  it  is. intended  that  blockhouses  should  be  made 
immediately  before  a  siege,  to  give  shelter  to  the  guards  posted 
in  the  covered  way,  and  to  some  light  field  guns  or  mitrailleuses 
for  which  gun-banks  are  provided. 

On  each  front  there  are  two  main  roads  leading  out  of  the 
place.  Each  of  these  passes  through  an  arched  gateway  imder 
the  half -curtain,  and  across  a  bridge  on  to  a  causeway  at  the  end 
of  the  wing  of  the  caponier.  Another  bridge  and  a  longer  cause- 
way carries  it  across  the  main  ditch,  and  it  then  runs  along  the 
counterscarp.  Behind  the  low  battery  flanking  the  ditch  of  the 
ravelin,  it  crosses  by  another  bridge  into  the  entering  place  of 
arms,  and  issues  out  into  the  country  by  a  cut  through  the  glacis. 
Its  width  is  nowhere  less  than  about  9  yards,  so  as  to  allow  troops 
to  march  out  in  oolumn  of  sections.  The  inner  ends  of  tne 
bridges  are  moveable,  and  are  made  in  two  halves,  to  give  the 
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desired  width  of  roadway,  asd  to  allow  of  the  repair  of  one- half 
without  interruptiug  the  commuiiicatioii.  BolliDg  bridges  have 
been  used  in  most  case s^  but  behind  the  low  batteries  of  the 
ravelin  drop  bridges  have  been  adopted,  in  order  that  the  com- 
munication may  be  more  instantaneously  cut  off. 

In  addition  to  the  main  gateways  there  is  a  passage,  9  yards  Commimica- 
wide,  on  each  side  of  the  defensible  barrack,  separating  it  from  ^^^^  yi*h 
the  half  curtains.  Thia  passage  leads  by  a  bridge  on  to  the  low  capomer. 
terreplein  iu  rear  of  the  caponier,  and  from  this  there  are 
posterns  leading  into  the  casemates  of  the  flankfi,  and  into  the 
central  court.  Passing  through  the  central  court  there  are  other 
posterns  at  its  outer  end  connected  with  bridges  across  the  ditch 
of  the  caponier.  These  bridges  would  be  destroyed,  and  the 
posterns  closed,  as  soon  as  the  besieger  is  near  enough  to  make 
assault  or  surprise  possible.  Staircases  lead  from  the  low 
terreplein  to  the  upper  terreplein  of  the  caponier  and  its  wings, 
and  if  the  main  gateways  are  destroyed  by  the  besieger's  in- 
direct fire,  access  to  the  causeways  in  front  of  them  may  be  had 
bv  means  of  temporary  bridges  thrown  across  from  the  low 
terreplein.  The  revetment  of  the  extremities  of  the  wings  is  high 
enough  to  prevent  their  being  scaled  from  the  causeways  without 
Uddei-s. 

The  main  communications  throughout  are  practically  level  General 
and  very  direct,  generally  well  protected  from  the  enemy's  fire,  remarks  on 
and  convenient  for  sorties  in  force.  The  causeways  are  so  little  the  front, 
above  the  suface  of  the  water  that  they  do  not  obstruct  the 
fiaDk  defence  of  the  ditches,  while  they  are  themselves  well  swept 
by  the  fiankiog  batteries.  They  correspond  to  the  genend 
character  of  the  design,  which  implies  throughout  a  strong 
garrison,  a  v«^ry  powerful  armament,  and  an  active  defence.  The 
conditions  of  the  Antwerp  enceinte  are  in  many  respects  excep- 
tional. It  is  rare  to  be  able  to  combine  such  long  exterior  sides 
with  Kalients  so  obtuse,  and  it  is  rai*e  to  be  able  to  spend  so  largely 
on  the  fortiKcation  of  an  intenor  line  of  defence,  and  to  be  able 
to  count  upon  so  large  a  garrison.  But  apart  from  the  favour- 
able circumstances  of  the  case,  it  is  important  to  note  the  skilful 
dispositions  made  to  secure  the  advantages,  without  the  dis- 
advantages, of  a  low  site  and  a  wet  ditch.  The  utmost  is  made 
of  this  ditch  as  an  obstacle  to  the  enemy,  but  great  care  is  taken 
that  it  shall  not  correspondingly  hinder  assumptions  of  the 
offensive  on  the  part  of  the  garrison.  The  width  of  a  wet  ditch 
affords  room  for  powerful  nanks,  but  the  want  of  depth  below 
the  surface  of  the  ground  makes  it  difiScult  to  secure  these  flanks^ 
if  casemated,  a^inst  destruction  by  the  besieger's  distant 
batteries.  On  this  front,  equal  pains  are  taken  to  develop  to  the 
full  the  power  of  the  fianks,  and  to  protect  them  as  far  as  possible 
from  injury. 

The  low  batteries  of  the  ravelin  are  the  only  exception  to  this, 
and  it  seems  to  admit  of  question  whether  obstructing  as  they  do 
the  fire  of  the  body  of  the  place,  while  their  own  fire  can  be 
silenced  without  much  difficulty,  they  are  of  any  real  advantage 
to  the  front.  They  cover  the  communication  with  the  covered 
way,  and  serve  as  keeps  for  the  re-entering  places  of  arms,  but 
these  functions  do  not  involve  the  gun  casemates  and  the  con- 
sequent dead  an^le.  However,  it  is  supposed  that  the  reverse 
battery  at  the  salient  would  under  any  circumstances  deter  the 
besiegers  from  attempting  to  pass  the  ditch  near  its  inner  ends. 

662.  In  1864  occurred  the  attack  on  the  Diippel  intrench-  Attack  on 
meats  by  the  Prussians  in  the  war  against  the  Danes.     (See  PI.  ^^PP«lin 
XLVII  and  Appendix  B  to  Vol.  I.)     The  works  were  of  a  pro-  ^®^' 
visional  type,  the   splinter- proofs  being   of  timber,   but  they 
supplied  some  useful  lessons  for  permanent  fortification.    The 
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mplinter-proofs  being  imperfectly  covei'ed  were  all  knocked  to 
pieces  by  artillery  fire.  Cousequently  the  troops  could  not  be 
kept  in  tlie  works,  and  when  Hie  Fruseians  made  their  assault 
they  arrived  in  the  redoubts  befcH'e  the  Danes  could  get  up  to 
defend  them. 

This  siege  also  «howed  the  effectiveness  of  lifled  artillery. 
The  most  distant  battery  was  3,400  yards  from  the  works ;  a 
very  effective  group  of  guns  were  at  2,500  yards  off,  and  the 
general  position  of  the  nearer  batteries  was  fixed  at  a  distance 
of  1,000  yards. 
AuatK)-  663.  In   1866   occmred  the  Austro-Prussian  War,  whieh 

^'iSsb"  ^^  ended  by  establishing  the  latter  power  at  the  head  of  Germany. 

Permanent  fortifications  had  no  effect  on  the  operations  in 
Germany,  but  in  Italy  there  was  an  interesting  operation  in  the 
attack  on  the  bridge  head  of  Borgoforte,  near  Mantua.  Fort 
Mottegiana,  on  the  south  side  of  the  Po,  was  a' work  very 
similar  to  those  constructed  roimd  Verona  in  1860-Gl.  It  had  a 
BoTOoforfce  l^'^ge  masonry  reduit,  which  was  just  concealed  from  view  by 
the  parapet  of  the  work.  It  had  a  masonry  gorge,  a  detached 
escarp  wall,  and  caponiers  at  two  angles.  The  result  of  a 
bombardment,  at  an  average  range  of  1,400  yards,  during  which 
about  6,000  projectiles  were  fired  against  the  fort  in  one  day, 
was  to  cause  the  works  to  be  abandoned  during  the  night  by 
the  Austiians.  The  object  of  the  bombardment  had  been  to 
^ence  the  fire,  but  incidentally  the  reduit  was  almost  ruined, 
and  the  debris  was  scattered  about  the  fort.  This  seems  to 
have  caused  the  evacuation,  as  the  garrison  did  not  lose  many 
men,  and  the  remaining  defences,  such  as  the  caponiera  and 
escarp  wall,  were  not  seriously  injured.  This  operation  showed 
that  the  form  of  work  advocated  in  the  memorandum  of  General 
Br^ze  before  quoted,  was  not  capable  of  withstanding  the 
modem  artillery. 

Among  the  various  lessons  drawn  from  it  by  the  Austrian 

Engineers  one  was  that  fortress  artillery  should  have  the  greatest 

possible  mobility,   and  another,   that   the   additions  made  to 

the  parapets  in  preparation  for  an  attack,  the  earth  of  which 

showed  against  the  green  turf  of  the  ramparts,  considerably 

facilitated  the  laying  of  the  Italian  guns.*     The  value  of  these 

lessons  has  been  strongly  confiimed  by  the  experience  of  later 

wars. 

French  664.  The  result  of  the  war  of  1866  roused  the   French 

fortiBoation      Government  to  make  some  additions  to  the  defences  of  Metz, 

after  1866.       ^^^  they  there  initiated  a  type  which,  with  many  differences  in 

detail,  has  since  been  extensively  used.  The  type  is  that  of  a 
work  with  a  low  outer  parapet  and  a  high  inner  one,  the 
outer  parapet  being  in  this  case  aiTanged  for  infantry,  on  a 
♦  bastioned  trace,  being  intended  to  defend  the  glacis  and 
ditch ;  the  high  parapet  being  armed  with  artillery,  placed 
so  as  to  fire  conveniently  over  the  surrounding  coiintry. 
The  inner  high  parapet  follows  the  general  form  of  the  fort 

*  See  Professional  Papers  of  the  Boval  Engineers,  Vol.  XVI ;  and  FortiBps- 
tion  k  Fosses  Sees,  Ueneral  Brialmont,  Vol.  II,  App.  4. 
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^eUnd  the  front  faces  at  a  i^hoi*t  diertaoice  rfrom  MOIae  tcwAmm. 
Under  it  are  casemates  for  the  garrkon.  t^mefll  fiBiBB -of  ^fwo*iA' 
these  forts  are  fiho\m  in  PL  XLVIH,  Vol.  I,  aaifl  in  PI.  GMM  w 
Aown  a  section  through  a  Imstlon  of  a  fort  of  iibk  typ^* 

SeOTION  8.— FORTIHICViriON  AFTER  18i71. 

665.  In  1870-71  came  the  Tranco-German  War,  iJhe  practical  Franco- 
experiences  of  which  seem  to  have  ixt  once  modified  the  ideas  df  ^JSJ^.t^*' 
the  French  Engineers  on  fortification.  On  the  advance  of  the 
Oermans  towards  Paris  an  attempt  was  made  to  take  up  an 
improved  line  of  defence  on  the  southern  side  with  pro-visiooal 
redoubts.  In  these  redoubts,  intended  to  meet  an  immediate 
necessity,  their  hitherto  favourite  bastioned  form  was  aban- 
doned, and  they  toot  as  a  model  two  forts  designed  by  Colonel 
Tunckler,  of  the  Austrian  army,  in  1866,  as  additions  to  the 
-defences  of  A^erona.     The  ditches  ol  these  works  were  flanked 

by  caponiers. 

Most  of  these  works  at  Paris  were  unfinished,  and  fell  ijito  Redoukjbjii 
the   hands   of  the  Germans  when  they   arrived,   but   one   of  ^*""- 
the  redoubts  was  held   during   the   siege   and  suiFered  very 
little  from  the  German  fire,  being  simple  in  design  and  strong 
in  construction.     (&ePl.  CXLIII.)* 

It  consisted  of  two  faces,  meeting  at  a  very  flat  angle,  of 
two  flanks  and  a  bastioned  gorge.  The  crest  along  the  front 
was  nearly  600  feet  long.  The  ditches  had  no  revetments,  but 
the  sides  were  made  as  steep  as  possible,  and  a  loopholed 
stockade  or  wall  ran  along  the  bottom  of  the  ditch.  There 
were  three  caponiers,  one  at  the  centre  and  one  at  each  shoidder, 
well  covered  from  the  front. 

The  parapets  were  from  25  to  27  feet  thick,  with  traverses 
containing  splinter-proofs.  There  were  two  sets  df  casemates 
in  the  redoubt,  one  imder  the  terreplein  of  the  faces,  and  another 
under  the  parapet  of  the  gorge.  It  had  been  intended  to 
coimect  these  with  an  arched  tuimel,  which  was  not  finished. 

666.  AVhen  the  war  of  1870-71  was  over,  and  the   old  French 
defences  of  France  on  the  east  had  passed  into  the  hands  of  ?«J?^^  ^^^ 
the  Germans,  a  system  of  fortifications  on  the  very  largest  scale 

was  undertaken  by  the  former  nation. 

The  type  of  fort  adopted  is  given  in  PI.  CXLI V.  It  seems  to  Type  of 
have  developed  fi-om  a  combination  of  the  redoubt  at  Paris  ^o^*- 
and  the  forts  of  Metz.  It  is  pro^dded  with  a  high-level 
and  alow-level  parapet,  the  dwelling  casemates  being  under  the 
former  and  the  latter  defending  the  glacis,  as  at  Metz.  The 
trace  is  that  of  a  simple  lunette  with  a  bastioned  gorge,  similar 
to  the  redoubt.  The  front  and  flank  ditches  are  flanked 
by  caponiere.  Small  emplacements  for  riflemen  are  arranged 
on  top  of  the  caponiers  and  at  the  shoulders  of  tlie  work,  so  aa 
to  command  more  effectively  the  exterior  slopes  and  the  covered 
waj^.  The  top  of  the  escarp  is  covered  against  projectiles 
arriving  with  a  di'op  of  1  in  4.     In  many  cases  the  escarp  is 


*  Earhhworks  before  Paris,  1870-71.    Lieut  Fraser,  R.E.    Professional  Papers 
of  the  Corps  of  Boyal  Engineers,  1872. 
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more  protected  than  this  is.  Protection  is  given  to  the  guns 
against  enfilade  fire  by  numerous  high  traverses,  which  contain 
bombproof  cover  for  the  men  on  duty  on  the  ramparts. 

In  the  example  given  the  guns  are  behind  the  low-level 
parapet,  and  the  high-level  one  is  organised  for  infantry.  Some- 
times tlie  reverse  aixan^ement  has  been  adopted,  but  the  guns 
behind  the  low-level  parapet  are  better  covered  and  see  the 
near  ground  better.  Also  the  traverses,  being  projected  against 
the  cavaUer,  are  not  nearly  so  visible  as  when  they  are  on  the 
high-level  parapet.  In  addition,  the  construction  is  more 
economical.  On  the  other  hand,  the  guns  do  not  get  such  a 
large  field  of  view  as  in  the  other  case.  One  would  think  that 
shells  bursting  against  the  cavalier  would  throw  back  splintei-s 
against  tlie  low-level  parapet,  but  the  French  appear  to  have 
satisfied  themselves  that,  with  powder  shells  at  all  events,  this 
is  not  to  be  feared.  It  is  to  be  understood  that  the  type  of  fort 
here  eiven  would  be  infinitely  varied  in  detail  in  adapting  it  to 
actual  conditions  of  the  ground. 

667.  The  distance  of  the  forts  from  the  town  they  have  to 
defend  is  taken  as  preferably  being  about  5  kilometres,  or 
5,500  yards.  The  reason  for  tliis  distance  is  that  bombardment 
is  not  considered  practicable  beyond  7  kilometres,  and  that  the 
bombarding  batteries  should  not  be  possible  within  2  kilometres 
of  the  forts. 

The  interval  between  the  forts  themselves  is  governed  hy 
the  desirability  of  giving  one  another  mutual  support  with  their 
artillery.  Taking  medium  ranges  for  the  guns,  this  would 
require  intervals  of  from  3,300  to  4,400  yards,  which  are  the 
best  to  adopt.  Taking  extreme  ranges,  the  intervals  were  often 
extended  to  6,600  yards.  In  these  cases  it  was  contemplated 
to  construct  intermediate  works  in  time  of  war,  the  plans  of 
which  were  carefully  prepared  beforehand. 

668.  There  was  a  special  reason  for  the  adoption  of  the 
type  described,  which  was  of  weight  with  the  French  when 
many  of  these  works  were  begun.  It  was  urgently  necessary 
to  protect  their  open  frontier  as  soon  as  possible.  The  type 
admitted  of  theii*  throwing  up  the  front  parapet  on  a  field 
profile  without  any  interference  with  the  further  progress  of  the 
construction.  They  thus  obtained  a  certain  amount  of  immediate 
protection,  which  mcreased  in  strength  as  the  work  continued. 

None  of  the  new  French  fortresses  were  provided  with 
enceintes.  They  were  not  objected  to  in  principle,  but  it  was 
of  the  utmost  impoi-tance  to  have  the  outer  lines  of  fori» 
finished  as  soon  as  possible,  so  that  the  enceintes  were  left  to 
be  done  afterwards.  It  seems  probable  now  that  none  of  them 
will  be  built. 

669.  In  France  a  considerable  number  of  "  forts  d  arret,"  or 
ban-ier  forts,  have  been  built.  These  are  isolated  works, 
intended  to  close  important  lines  of  communication  at  points 
where  it  would  be  difficult  to  make  an  alternative  route,  such 
as  mountain  passes,  important  bridges,  and  railway  tunnels.. 
Their  design  is  difficult,  as  they  are  exposed  to  attack  on  all 
sides  and  must  contain  eveiything  necessary  for  the  garrison. 
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yfhicb  may  be  entirely  isolated.  They  are  usually  in  the  form 
of  a  pentagon  or  hexagon.  The  ditches  are  deeper  and  the 
escarps  more  carefully  covered  than  in  the  case  of  detached 
forts.  They  are  flanked  by  caponiers,  which  face  positions  in 
which  it  would  be  difficult  for  the  enemy  to  place  his  batteries. 
Such  positions  are  usually  found  to  exist.  The  forts  are 
always  provided  with  a  covered  way. 

The  parapets  are  protected  by  five  or  six  large  traverses 
and  a  large  central  parados.  Under  the  latter  are  the  dwelling 
cajsemates,  arranged  in  two  rows  facing  one  another  like  a 
street,  with  a  narrow  passage  or  court  between.  In  the  event 
of  a  siege  the  windows  opening  on  this  court  would  be  closed, 
by  timbers  fitted  in  grooves  prepared  beforehand,  in  order  to 
keep  out  stray  splinters. 

Besides  the  emplacements  for  guns  on  the  parapet,  hidden 
casemates  for  curved  fire  are  made  in  the  parados.  Every 
available  comer  of  the  parapet  is  arranged  for  infantry, 
whose  fire  would  bo  of  ^the  utmost  importance  in  the  near 
defence. 

670.  A  type  of  fort  used  by  the    Germans   is   shown   in  ^JJ^^j^^ 
PL  CXLV.    It  is  a  very  flat  and  shallow  lunette  with  a  single  ^f|^,  X87l! 
parapet  organised  for  artillery.     The  parapet  has  an  earthen  -        . 
exterior  slope  with  a  detached  escarp  wall  m  the  ditch.     This 
is  flanked  by  caponiers.     The  gorge  is  bastioned,  and  contains 
Ihe  casemates  for  the  garrison,  looking  out  upon  the  ditch. 
There  is  a  cross  traverse  in  the  centre,  dividing  the  fort  into 
two  portions,  and  containing  a  gallery  leading  from  the  gor^e 
casemates  to  the  front  rampart.     The  traverses  contain  bomb- 
proofs  for  the  men  on  duty. 

It  is  objected  to  these  forts  that  the  gor^e  casemates  are 
low  and  damp  compared  with  French  ones  and  that  there  is  no 
parados  to  protect  the  defenders  of  the  gorge. 

On  comparing  this  fort  with  those  of  General  von  Brfezo 
before  described,  it  will  be  seen  that  much  more  pains  is  taken 
with  the  organisation  of  the  rampart  for  artillery,  that  the 
caponiers  are  better  protected,  and  that  the  masonry  r6duit 
has  entirely  disappeared.  It  was  impossible  to  combine 
the  casemated  tii-e  over  the  interior  of  the  work  and  over  the 
country,  which  were  the  chief  ends  to  be  attained  by  the  riduit, 
with  the  necessary  protection  against  indirect  fire.  The  lesson 
given  on  this  point  at  Borgoforte  was  finally  learnt. 

At  Strassburg  a  new  enceinte  was  built  round  the  north  B^wwnt 
and  west  of  the  town.     It  is  polygonal,  with  fronts  firom  1,100 
to  1,200  yards  long  flanked  by  central  caponiers  protected  by 
ravelins. 

The  intervals  and  distances  of  foiis  from  the  towns  are 
governed  by  the  same  principles  as  in  France.  (See  para. 
•67.) 

670a.  Besides  Metz  and  Strassburg,  the  Germans  have  Other  worfa 
reconstructed  many  of  their  other  fortresses.  J?5^  *^^ 

The  Italians  have  followed  the  French  type. 

The  Austrian  type  also  somewhat  resembleB  the  French. 

It  must  be  understood  that  there  is  an  infinite  variety  in  the 
(8250)  M 


162     mSTORIOAL  DSVELOFMENT  m  FKBMA3IEKT  FORTIFICATION. 

foim  and  details  of  works  as  actoally  constructed,  dependent 
on  the  varying  conditions  of  grotoid. 

The  illustrations  giren  are  merely  specimens  of  the  styles, 
showing  one  combination  of  some  of  the  elements  used. 


Section  9.— Fortification  after  1885. 


Devcknsment 
of  artillery. 


671.  In  1879,  a  new  era  m  artillery  commenced  with  the 
introduction  of  long  guns  and  slow-lnirning  powder,  which 
may  be  considered  to  have  culminated  in  1885  with  the  intro- 
duction of  shells  containing  high  explosives  into  the  French 
and  German  services.  The  change  was  as  great  a  one  as  the 
introduction  of  lifled  artilleiy,  and  its  details  are  far  from 
being  fully  worked  out  even  yet  (1892). 

Its  magnitude  was  so  great  that  when  it  was  first  realised 
m  France,  there  was  a  feeling  that  all  the  enormous  sums 
which  had  been  expended  on  the  fortification  of  the  frontier 
after  the  last  war  had  been  practically  thi-own  away.  This 
was  an  exaggeration  of  the  real  state  of  the  case,  but  extensive 
works  were  undertaken  both  there  and  in  Germany  to  restore 
to  the  defences  their  former  eflSciency. 

672.  The  defects  of  the  fortifications  existing  before  1885 
wcAb  hm^  in  j^  France  are  thus  summed  up  by  a  French  writer : — 

Fnnoe  before  *     -^ 

(1)  The  forts  with  their  traverses  and  high  relief  form  a 

target  "which  is  too  visible  to  the  attack. 

(2)  They  enclose  in  a  narrow  space  loo  large  a  number  of 

guns,  men,  and  all  sorts  of  stores. 
(8)  The  artillery  can  no  longer  remain  behind  the  existing 

parapets. 
(4)  The  casemates  are  no  longer  proof  against  the  new 

Kroiectiles. 
e  large  intervals  existing  between  the  forts  constitute 
a  danger  in  the  defence  of  the  place. 


Defects  of 


Many 

remedies 

proposed. 


Similar  defects  exist  in  the  works  of  other  countiies. 

The  remedies  proposed  for  this  state  of  things  are  numerous, 
and  mostly  iireconcuable  with  one  ajiother.  However,  a  few 
facts  detach  themselves  firom  the  mass  of  theorv,  and  if  we 
confine  ourselves  to  tibiese  and  to  the  projects  which  are  being 
executed,  or  which  might  possibly  be  realised,  we  shall  reduce 
the  last  part  of  the  history  of  tbrtification  within  reasonable 
limits. 

673.  With  regard  to  Enghsh  practice,  the  nature  of  the  new 
foififioation.  artillery  and  its  effects  have  been  described  in  Chapter  IV  (Per- 
manent Fortification),  and  a  system  of  fortification  is  given 
which  appears  suitable  to  the  requirements  of  the  British 
Empire.  Some  notes  are  also  given  on  the  modifications  that 
mi^t  be  required  in  some  of  our  existing  works.  Further 
information  on  details  will  be  found  in  **  Permanent  Fortification 
for  English  Engineers,"  by  Major  J.  F.  Lewis,  R.E.,  1890, 
pvibliidied  by  ma  £oyal  Engineer  Institute,  Chatham.    This 
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work  was  prepared  for  ttie  nse  oif  Engineer  officeM,  and  there- 
fore deals  largely  with  the  execution  of  works,  and  with  the 
practical  questions  thai  arise  in  connection  therewith. 

674.  la  ** Fortification :    Its  Past  Achievements;    Recent  Major 
Development;    and  Future  Progress,"  Major  G.  Sydenham  ^^*^^®V 
Clarke,  C.M,G..  R.E.,  proposes  t  system  for  the  fortification  of  P'^P^^"*"- 
the  future,  of  which  the  following  short  summary  is  given. 
The  book  is  written  with  a  view  to  English  requirements  :— 

"  The  basis  of  the  defence  of  a  position  should  be  redoubts 
designed  for  infantry  and  machine  guns,  supported  by  a 
powerful  artillery  kept  altogether  outside  of  them,  and  supple- 
mented by  a  field  force  carrying  on  the  outpost  duties,  and 
mtaning  field  defences  guarding  the  intervals. 

"The  infantry  redoubts  should  be  of  the  simplest  folTn 
compatible  with  fulfilment  of  the  following  conditions: — 

a)  Full  development  of  rifle  and  machine  gun  fire. 

b)  An  efficient  obstacle. 

(c)  Shelter  for  the  whole  garrison,  which  should  not  exceed 
a  half  battaUon;    such  shelter  implying  protection 

against  the  heaviest  projectiles  capable  of  being  fired 
from  siege  ordnance,  but  not  contemplating  the  fall 
of  successive  shells  on  the  same  spot. 

(d)  Unimpeded  interior  communication,  allowing  the  gar- 

rison to  man  the  works  in  tiie  shortest  time. 

(e)  Invisibility." 

The  work  referred  to  as  One  *^in  which  these  conditions 
have  been  itdfilled  to  a  great  extent "  is  that  which  is  described 
in  para.  477,  Chapter  Iv  (Permanent  Fortification)  :— 

<<An  extended  field  of  fire  in  front  of  the  redoubt  is  not 
essential. 

**  The  intervals  of  the  proposed  infantry  redoubts  may  be 
about  2,500  yards. 

"  The  artillery  of  the  defence  should  be  entirely  movable, 
with  the  exception  of  a  proportion  of  heavy  howitzers  or 
mortars  constituting  tiie  only  permanently  moimted  armament. 
It  should  bo  sought  to  overpower  or  exhaust  the  artillery  of 
the  besieger  by  superior  mobility,  better  observation  and  range- 
finding,  more  highly  matured  organisation,  and  greater  power 
of  tactical  surprise,  rather  than  by  superiority  of  shell  power." 

The  use  of  belts  of  trees  for  concealment  is  strongly 
advocated. 

675.  A  system  of  defence  similar  to  this  is  miderstood  to  find  BuBakn 
favour  in  Russia,  in  which  country  the  successful  defence  of  the  opinioiw. 
simple  earthen  redoubts  of  Plevna  has  naturally  made  a  deep 
impression* 

676.  Existing  defences  abroad  have  been  improved  in  the  Improre- 
foUowmgways:-  '^^ 

abroadi 

Visibility  has  been  lessened  by  VAricUfl  devices  such  ftS  TiaibiKtiy 
planting  hedges,  and  also  probabty  by  rounding  of  angles  and  lewened. 
flattening  slopes^ 

(8350)  U  2 


1 64     HISTORICAL  DETELOPMEKT  OF  PERMANENT  FORTIFICATION. 


Ganfi 

remoTed  from 
thiO  forU. 


Strengikening 
roofs. 


Or^niflation 
of  interralB. 


New  Bjvtema 
proposed. 


It  ifl  considered  that  the  tjrpical  French  fort  with  its  interior 
high  parapet  is  far  too  conspicuous,  and  that  in  future,  works 
should  be  constructed  with  only  a  single  tier  of  fire.  The 
central  mass  is  also  likelj  to  catch  and  burst  shells,  throwing 
the  fragments  forward  on  the  defenders  of  the  front  piirapet. 
This  is  a  danger  that  has  for  some  time  been  taken  account  of 
in  English  designs. 

677.  The  crowding  of  men  and  ^uns  in  a  fort  is  remedied 
by  removing  from  it  the  artillery  intended  to  act  at  long 
ranges,  dispersing  and  concealing  it,  as  far  as  possible,  in  the 
intervals  between  the  works. 

It  seems  doubtful  whether  the  proposition  that  artillery 
can  no  longer  remain  behind  existing  parapets  is  admitted,  in 
its  integrity.  If  it  were,  either  all  the  guns,  without  exception, 
would  be  removed  from  existing  forts,  or  there  would  be  an 
extensive  provision  made  of-  armoured  defences,  tun'ets,  or 
cupolas.  Neither  of  these  alternatives  appears  to  have  been 
adopted.  Cupolas  are  used,  but  not  to  the  extent  of  armouring 
all  the  guns  in  a  work,  while  the  entire  removal  of  guns  from 
existing  forts  is.  a  practical  impossibility,  since  their  sites  have 
been  chosen  with  a  view  to  the  efficient  action  of  the  artillery 
to  be  placed  in  them.  However,  large  purchases  of  cupolas 
have  been  made,  but  these  are  more  especially  of  those  of  small 
dimensions  used  for  quick-firing  guns. 

678.  A  great  deal  has  been  done  in  the  way  of  strengthen- 
ing casemate  and  magazine  roofs,  with  cement  concrete,  or 
even  with  iron  in  special  cases. 

The  intervals  between  the  forts  would  be  organised  in  a 
similar  manner  to  that  laid  down  for  an  English  fortress  in 
Chapter  IV,  Section  11. 

Quantities  of  light  railways  are  kept  in  store  in  fortresses, 
which  would  be  of  great  use  in  preparing  to  resist  a  siege. 

679.  As  has  already  been  said,  the  new  systems  of  defence 
proposed  by  Continental  writers  are  veiy  numerous.  Almost 
all,  nowever,  appear  to  be  chiefly  guided  by  the  three  follow- 
ing considerations :   that  works  should  be  as  Uttle  visible  aa 

Eossible ;  that  cement  concrete  cannot  be  seriously  injured  by 
igh-angle  fire,  either  with  shells  or  obus-torpilles ;  tnat  guns 
in  cupolas  will  outlast  a  great  deal  of  hammering,  even  if  they 
may  at  last  succumb. 

One  author  has  the  courage  of  his  convictions,  and,  believing 
thoroughly  in  cupolas,  he  proposes  a  defence  formed  by'rings 
of  them,  which  would  resemole,  on  a  large  scale,  the  faiiy 
circles  of  puff-balls  which  one  sees  on  the  chalk  downs. 

Others  combine  them  into  works  of  various  forms,  and  with 
various  accessory  defences;  some  with  deep,  well-flanked 
ditches ;  some  with  shallow  unflanked  ditches ;  some  with  no 
ditches  at  all. 

The  intervals  between  the  forts  are  proposed  to  be  defend^, 
in  some  cases,  by  open  batteries;  in  others,  with  g^uns  in 
cupolas,  or  on  railway  trucks  carrying  disappearing  mountings, 
or  on  trucks  which  are  themselves  armoured. 

It  is  not  deairablo  to  go  through  all  the  projects  which  have 
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not  aa  yet  been  embodied  on  any  actual  site-.  Information 
concerning  them  will  be  found  in  "  Fortification  du  Temps 
Present/*  and  in  "  L'Influence  du  Tir  plongeant  et  des  Obus- 
torpilles  sur  la  Fortification,"  both  by  General  Brialmont,  and 
also  in  '*  La  Fortification  et  TArtillerie  dans  leur  £tat  actuel." 
Some  particulars  are  also  given  in  the  book  by  Major  Clarke 
referred  to  in  para.  674. 
\  680.  It  will  be  sufficient  to  take  as  an  example  a  work  of  General 

General  Brialmont,  who  has  had  opportunities  for  carrying  out  Brialmont's 
his  ideas  in  the  defences  of  the  line  of  the  Meuse,  and  around  ^*^^* 
Bucharest  in  Roumania. 

The  fort  shown  in  Plate  CXLVI  is  of  the  type  of  most  of 
those  in  construction  on  the  Meuse. 
jf^  It  is  triangular  in  form,  as  being  easy  to  adapt  to  the  ground  Type  of  the 

^  and  having  the  minimum  number  of  sides  to  be  flanked.     The  ^'**  ^^  ^^ 

ditch  has  a  counterarched  counterscarp,  16  feet  high,  of  a  very 
solid  construction  to  resist  obus-torpilles,  the  arches  being 
8  feet  6  inches  thick  in  cement  concrete.  The  exterior  slope  of 
the  parapet  at  2/3  forms  the  escarp.  The  parapet  is  about 
26  feet  thick,  arranged  for  musketry  only,  except  at  the  angles, 
where  are  cupolas  for  machine  guns;    . 

In  the  centre  of  the  fort  is  a  large  mass  of  cement  concrete, 
i  hollowed  out  underneath  into  magazines  and  stores,  illuminated 

:  .  by  electric  light,  and  artificially  ventilated.      This  concrete 

mass  carries,  at  its  highest  pomt,  a  look-out  place  and  an 
electric  light. 

In  front  of  this  is  a  large  cupola  for  two  15  cm.  (5*  9-inch) 
guns.     This  has  a  command  of  3  feet  3  inches  over  the  outer 
parapet.     To  right  and  to  left  of  this,  at  the  same  level,  are 
■■  two  cupolas  for  one  12  cm.  (4'7-inch)  gun  each,  and  in  front  of 

T  the  guns  there  are  three  cupolas  each  for  one  21  cm.  (8-24-inch) 

T  rifled  mortar.      These  are  3  feet  3  inches  below  the   outer 

'L  parapet,  and,  therefore,  hidden  from  the  enemy.     The  gorge, 

'  both  escarp  and  counterscarp,  is   arranged  for  casemates  tor 

men  and  stores.  The  only  way  for  the  infantry  to  get  to  the 
outer  parapets  is  by  the  stairs  in  rear  of  the  concrete  mass. 

681,  This  example  will  serve  to  give  an  idea  of  most  of  the  Many  other 
modem  systems,  based  on  cupolas  and  cement  concrete.     They  types 
differ  very  much  in  general  arraugement,  but  the  details  have  f^^emble  this 
considerable  similarity. 

General  Brialmont  has  numerous  other  types  illustrated  in  Various  typos 
his  published  works,  which  he  proposes  as  suitable  for  different  by  General 
situations.     Among  them  is  a  barrier  fort  for  an  isolated  site  ^"»^<^^*' 
traced  on  a  hexagon  with  its  ditches  flanked  by  very  small  iron 
caponiers,  each  containing  two  machine  guns. 

Also  a  fort  with  its  ditches  swept  by  fire  from  machine  guns 
in  disappearing  cupolas. 

Also  of  forts  with  r^duits,  intended  as  the  principal  works 
of  a  fortress  to  be  defended  to  the  last. 

682.  General  Brialmont  is  the  leader  of  those  who  consider  General 
that  a  fort  of  the  present  epoch  should  be  complete  in  itself,  as  "'^JJ?^?f  i , 
were  those  constructed  before  1885.     Other  writers,  with  few,  the  itoohed 
if  any  exceptions,  look   on  the   detached  fort  as   only  one  fort. 
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important  element,   among   seyeral  that  go  to  make  up  a 
fortress. 
Final  obterra-        983.  We  have  thus^  as  it  was  proposed  to  do  at  the  begin- 
tions,  pjng  ^f  the  second  part  of  this  chapter,  traced  the  rise  and 

euhnination  of  the  Detached  Fort  as  the  principal  element  of 
defence,  and  are  now  witnessing  the  conoanexioement  of  its 
decline.  The  exact  forms  which  fortification  will  assume  on 
the  Continent  are  still  uncertain,  but  no  startling  developmentA 
of  Artillery  appeaj:  probable^  and  consequently  no  great  novel- 
ties in  the  way  of  defence. 
F»>b»bl0  l^t  is  likely  that  the  contrivances  of  the  nature  of  those 

Continental     already  proposed,  but  with  improvements  in  detail,  will  be 
*yp®-  combined  into  the  Fortification  of  the  future,  and  that  the 

laodem  forts  on  the  Continait  will  be  low,.  incojispiQuous 
works,  carrying  a  few  guns  of  no  great  weight  hx  cupolas, 
foxd  having  deep  ditches  ^tanked  hj  capoaiexs. 
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ATTACK  AND  DEFENCE  OF  FORTRESSES. 


Section  1.— Attack  of  Fortresses. 

700.  In  order  that  this  chapter  may  not  be  looked  upon  as  a  Siegef  may 
atiere  academic  disconraev  it  is  aB  well  to  point  out  at  the  begin-  ^Yrt^ 
ning  of  it  that  sieges  are  operations  which  the  British  Army  by  tiie  British 
may  reasonably  expect  to  have  to  carry  out.    In  the  East  Azmj. 
they  wonld  be  against  towns  too  sbx)ng  to  take  off-hand  without 
preparation,   although    not    organised    to  withstand  modem 
artillery.      Against  more  formidable  enemies  the  names  of 
Sebastopol,  1854-55;  Coidad-Rodrigo,  1812;  Badajos,  1812; 

San  Sebastian,  1813,.  and  Louisbourg,  1758,  will  recall  the  fact 
that  we  have  had  ta  do  with  the  highest  skill  and  bravery  in 
this  class  of  warfare.  The  Crimea,  Spain,  and  Cape  Breton, 
are  not  places  in  which  one  would  have  expected  beforehand 
to  find  tne  British  Arm^en^ged  ia  siege  woriss^  and  the  future 
may  have  similar  surprises  m  store. 

At  the  same  time  it  is  impossible  to  suppose  that  we  shal 
ever  undertake  the  siege  of  a  first-class  fortress,  which  would 
require  three  or  four  army  corps  and  about  15,000  artillery. 
We  should  probably  operate  against  coast  fortresses,  not  on 
the  scale  of  Metz  or  Strassburg,  in  which  case  the  Navy  would 
do  half  the  investment.  The  processes  of  the  siege  would, 
however,  be  the  same  as  for  a  larger  place ;  the  scale  only 
would  be  different. 

The  class  of  works  against  which  we  should  operate  may 
be  gathered  from  Chiq^ter  V,.  more  particulaiiy  from  the  latter 
portions  of  it.  This  is  Qass  (e)  as  laid  down  in  para^  369, 
namely,  those  fortifications  which  ^  other  nations  build  and 
which  we  may  have  to  attack." 

701.  The  circumstances  that  make  it  worth  while  to  fortify  ModM  of 
particular  places  in  a  permanent  fashion,  and  the  strategic -^^^^^^ 
objects  that  such  fortresses  are  meant  to  serve,  have  been  ^^''''^•■*" 
Boticed  in  Chapter  IV,   Section  L      In  proportion  as  they 

serve  such  objects,  and  are  of  real  value  to  one  army,  their 
possession  becomes  of  value  also  to  the  other*;  and  corresponding 
efforts  will  be  made  to  take  them.  When  their  strategic  influence 
is  sUght,  when  they  do  not  close  or  threaten  any  important 
lines  of  aommunicatKm,  and  their  garrisons  are  inconsiderable, 
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Surprise. 


they  may  often  be  almost  ignored  by  an  invader;*  and  even 
when  the  force  contained  in  them  is  large,  and  their  position 
threatening,  it  may  sometimes  be  better  to  pass  them  by, 
detaching  corps  to  watch  them  and  to  oppose  any  oflFensive 
movements  from  them,  than  to  incm:  the  delays  of  a  siege.f 

But  to  mask  fortresses  in  this  way  will  not  always  be 
sufficient.  It  may  be  important  to  avoid  an  indefinitely  pro- 
longed division  of  force;  or  the  thing  required  may  be  the 
occupation  of  the  place  itself,  and  not  merely  the  paralysing  of 
its  garrison.  The  reduction  of  a  fortress  must  in  such  a  case  be 
undertaken,  either : — 

(a)  By  blockade ; 

(b)  By  surprise ; 

(c)  By  assault ; 

(a)  By  bombardment ;  or, 
(e)  By  regular  sie^e. 

702.  To  blockade,  or  invest,  a  place  is  to  smTound  and 
isolate  it,  preventing  all  renewal  of  the  food  and  ammunition 
consumed  in  it,  so  that  at  length  it  may  be  driven  by  want  to 
surrender,  and  meanwhile  the  troops  inside  it  may  be  hindered 
from  taking  the  field. 

As  a  method  its  operation  is  necessarily  slow,  and  it  will  be 
relied  upon  by  itself,  therefore,  only  when  a  place  is  known  to 
be  ill-provisioned  in  proportion  to  its  consumption,  when  the 
character  of  the  around  makes  the  maintenance  of  the  blockade 
easy,  when  the  blockading  force  is  unequal  to  any  more  rapid 
mode  of  capture,  or  when  time  is  not  of  much  importance.^ 
More  often,  nowever,  blockade  in  used  to  prepare  the  way  for, 
and  to  help  forward,  a  regular  siege ;  and  accordingly  the 
process  of  mvestment  will  be  'described  later,  in  connection 
with  that  form  of  attack. 

708.  To  effect  an  entry  into  a  fortress  by  surprise  can  only 
be  possible,  when,  owing  to  the  small  numbers  or  bad  quaUty  of 
the  garrison,  or  the  character  of  the  works  and  of  the  ground 
outside,  a  very  imperfect  watch  is  kept.  It  may  be  made  by 
ladders  (escalade),  or  by  sudden  seizure  of  one  of  the  gates.  A 
thorough  knowledge  of  the  place,  of  the  distribution  of  the 
troops,  and  of  the  hours  of  rehef  is  very  important.  The  con- 
nivance or  assistance  of  part  of  the  garrison,  or  of  the  inhabi- 
tants, should  be  secured,  if  possible.  Once  inside,  the  troops 
should  be  kept  well  together,  in  readiness  to  meet  a  counter 
attack ;  they  should  endeavour  to  get  possession  of  one  of  the 
gates,  and  of  the  flanks  commanding  it,  and  to  lower  the  draw- 
bridge; and  having  secured  this,  tney  should  then  promptly 
push  forward,  to  occupy,  if  possible,  the  rallying  place  of  the 
garrison.§  These  conditions  may  be  met  with  in  the  East, 
but  are  not  likelv  in  European  warfare.  The  surprise  of  a 
detached  fort  is,  however,  a  possible  operation,  and  may  be 


•  0.^.  Langres,  1870. 
}  <.^.  Mantua,  Mets. 


f  0^,  Olmutz,  1866. 

§  0.^,  Berg-op-zoom,  1814. 
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undertaken  if  there  is  reason  to  suppose  that  the  garrison  is  not 
doing  its  work  efficiently.* 

704.  Assault  will  always  partake  as  much  as  possible  of  the  Aseault. 
character  of  surprise.  Where  this  is  unattainable,  the  garrison 
and  the  works  must  be  very  weak  to  afford  much  hope  of 
success.  The  assault  must  be  prepared  by  an  overwhelming 
fire  of  artillery,  and  delivered,  by  strong  columns  on  several 
points  simultaneously.  Some  of  these  attacks  may  be  what  are 
called  *' false"  attacks.  Every  false  attack  should,  how^ever,  be 
sufficiently  strong  not  only  to  occupy  and  distract  the  enemy, 
but  to  admit  of  its  being  converted  under  favourable  circum- 
stances into  a  time  attack.  It  is  remarkable  that  false  attacks 
have  often  been  successful  when  real  attacks  delivered  at  the 
same  time  have  failed.  Every  effort  should  be  made  to  obtain 
information  beforehand,  regarding  the  depth  of  the  ditches  to  be 
crossed,  and  the  nature  and  position  of  other  obstacles.  The 
investigation  of  these  points  and  others  similar  is  the  special 
duty  of  the  engineer  officers  directing  the  assaulting  columns. 
With  small  forces,  the  assault  may  be  deHvered  about  midnight, 
to  get  the  cover  of  darkness,  and  allow  the  troops  to  establish 
themselves  before  daybreak;  but  where  large  masses  of  men 
are  to  be  engaged,  daylight  should  generally  be  chosen,  to 
avoid  confusion,  and  allow  of  proper  direction  by  the  general 
in  command. 

The  columns  must  be  preceded  by  a  covering  party 
advancing  in  extended  order  as  far  as  the  crest  of  the  glacis  or 
other  convenient  position  close  to  the  enemy's  works,  on 
reaching  which  they  are  to  lie  down  and  obtain  cover  for 
themselves.  Fire  should  be  reserved  till  it  is  evident  that  the 
assault  is  no  longer  likely  to  take  the  enemy  by  surprise.  Fire 
once  opened  by  the  covering  party  should  be  kept  up  briskly 
so  long  as  this  can  be  done  without  danger  to  its  own  column 
which  is  advancing  to  the  attack.  The  covering  party  remains 
in  position  to  cover  the  retreat  of  the  column  in  tha  event  of  its 
being  obliged  to  retire.  If  there  is  no  advantageous  position 
for  the  covering  party  to  occupy,  or  if  its  fire  is  likely,  owing  to 
darkness,  to  be  ineffective,  it  should  occupy  the  advanced 
trenches  to  enable  it  to  cover  a  retreat.  Each  column  of 
assault  will  usually  be  headed  by  an  engineer  party,  to  open  a 
road  througli  the  obstacles ;  and  along  with  this  there  vml  be 
a  carrying  party,  with  bags  of  hay,  planks,  hurdles  or  fascines,  to 
help  the  troops  to  cross  obstacles  and  to  cross,  or  to  jump  into, 
pits  or  ditches.  The  advance  of  the  storming  party,  or  **  The 
Forlorn  Hope,"  conducted  by  an  engineer  officer,  and  con- 
sisting of  picked  troops,  should  follow,  about  30  paces  behind 
the  carrymg  party,  and  the  same  distance  in  front  of  the 
support,  or  main  body.  The  reserve  should  be  about  100  paces 
behind  the  main  body;  and  this  again  will  be  followed  (or 
sometimes  preceded),  by  a  working  party,  to  form  a  lodgment 
if  the  work  is  to  be  held,  or  to  dismantle  it  if  it  is  to  be 
abandoned.      There   should   also  be   an  artillery  party,  imme- 

•  e.g.,  Kan,  1877. 
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diately  in  rear  o£  the  main  body,  to  serve  any  gons  that  may 
be  taken,  or  to  spike  them  in  case  of  repulse ;  and,  in  rear  w 
the  working  party,  a  atretclier  party^  fox  the  removal  of  the 
wounded.  No  member  of  the  assaulting  column  should  be 
allowed  to  fall  out  for  the  purpose  of  looking  aft^  the 
wounded^  whether  officers  or  men.  It  is,  farther,  of  the  utmost 
impoi-tance  that  the  colimm  be  composed  of  definite  and  separate 
units  detailed  by  companies,  regiments,  brigades,  or  divisions; 
it  should  never  consist  of  detachments  of  different  corps. 

705.  Obstacles  of  some  nature  are  almost  certain  to  bem^t 
with. 

Abatis  may  be  partly  destroyed  by  artillery.  It  may  be 
blown  up  ox  cut  to  pieces  and  the  fragufiotA  dragged  oat  (u  the 
way. 

Wire  entanglement  it  is  useless  to  fire  at  witk  artillery..  It 
must  either  be  hacked  to  pieces  or  croesed  with  th&  aid  of 
hm-dles  laid  on  it. 

PalisadeB  and  railings  may  be  attacked  by  artillery,  in  which 
case  it  is  very  necessary  to  get  an  approximately  enfiladiiig 
fire  upon  them,  or  they  may  be  blown  in  or  escaladed.  Palisades 
may  be  cut  down  with  axes ;  railings  may  be  attacked  with 
levers  or  with  chisels  and  hammers  at  the  connections* 

Mines  and  fougasses,  if  they  cannot  be  turned,  may  soxoe* 
times  be  injured  by  a  preliminary  artillery  fire.  Automatic  land 
mines  may  be  exploded  prematurely  by  men  beating  the  ground 
with  long  poles  or  driving  animals  before  them>.  These  op^rar 
tions  can  hardly  partake  of  the  nature  of  a  surprise. 

K  there  are  walls  ta  be  escaladed,  ladder  parties  wiU  he 
attached  to  the  advance  and  support  of  the  storming  pckrtifls. 
The  advance^  with  the  first  line  of  ladders,  after  descending 
into  the  ditch^  move  their  ladders  across,  the  ditch,  ascend  the 
escarp^  form  on  the  berm^  fix  bayonets^  and  Tusb.  over  thd 
parapet  in  a  body  at  the  commander's  signaL  If  there  is  no 
berm  each  man  fiuda  his  way  over  the  parapet  as  quickly  as  he 
can,  fixing  bayonets  aa  he  ascends  the  exterior  slope.  The 
support,  with  the  second  line  of  ladders,  shouldreach  the  counter- 
scarp, as  the  first  line  is  moving  across  the  ditch ;  they  lower 
theii-  ladders  into  the  place  from  which  the  first  line  has  been 
removed,  and  after  descending  leave  their  laddearo.  there,  to 
establish  a  continuous  Hue  of  communix^ation  for  the  woiJ(ing 
party,  reserve,  &c. 

There  should  be  ladders  enough  for  an  assault  on  a  bxoad 
front  (30  or  40.  men).  At  least  3  feet  of  the  head  of  each 
ladder  should  be  above  the  wall  against  which  it  is  placed,  to 
assist  the  men  in  getting  on  and  off;  and  although  the  butts  of 
the  ladders  should  not  touch  the  wall,  yet  the  inclination  of  the 
ladders  ought  not  to  be  more  than  4>  or  there  wiU  be  danger  of 
their  being  broken  by  the  weight  of  the  men« 

An  escalade  is  hardly  practicable  if  any  of  the  walla  to  be 
descended  or  ascended  are  more  than  30  feet  high,  because^  of 
the  weight  of  the  ladders  required,  and.  the  difficulty  of  raising 
them.  Ten  men  will  be  needed  to  carry  a  36-foot  ladder^ 
which  will  be  wanted  for.  a  30-foQt  wall.    As  the  attempt  can 
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hardly  succeed  except  by  surprise,  it  miist  uBuaJly  be  made  at 
night ;  and  therefore  the  troops  should  be  practised  beforehand, 
bv  night,  in  escalading  drill,  as  laid  down  in  the  **  Attack  of 
Fortresses,"  taught  at  Chatham^  since  any  noise^  confusion^  or 
delay,  may  be  fatal. 

Bope  ladders  may  Boaieiimes  be  naed  for  tKe  entry  of  itmall 
bodies  of  meat ;  the  nrst  men  mounting  by  means  of  iron  ffrapuels 
with  ropes  attached  to  them;  thrown  by  hand  so  as  to  cateh  oa  the 
berm. 

The  strength  of  the  several  portions  of  an  assaulting  column  Strength  of 
must  depend  on  circumstances,  but  the  importance  of  using  a«»^<^"ig 
large  numbers  has  been  repeatedly  shown. 

"The  miserable,  doubting,  nnmilitary  policy  of  smaU  storming 
parties,  on  the  plea  that  if  we  fail  we  canH  lose  many  men,  causes 
moi*e  mischief ,  loss,  and  disgrace,  than  any  other  proceeding  in 
war."    (Sir  J.  Burgoyne.) 

The  assaidt  on  ^adajos  (1812)  succeeded  owing  to  the  number 
of  men  employed  as  escaladers.  That  of  Burgos,  in  the  same 
year,  failed  disastrously,  owing  to  the  small  force  employed, 
the  columns  moreover  being  composed  of  mixed  detachments. 

In  the  assault  of  Sebastopol,  September  8th,  1855,  the  French 
had  three  storming  columns ;  each  consisting  of  an  advance  of  nearly 
5,000  men,  with  a  support  of  rather  less  strength,  and  with  a 
general  reserve  of  18,000.  The  whole  amounted  to  45,600,  with 
about  600  more  for  ladder  party,  working  party,  and  engineers. 
The  Malakoff  waa  taken,  and  Seba8toix>l  fell.  The  English 
column  which  assaulted  the  Eedan,  consisted  of  a  covering  party 
of  200,  a  ladder  party  of  21  sappers,  and  320  infantry,  an  2^vaaoe 
of  1,000,  a  main  Dody  of  1,500,  a  reserve  of  3,000,  and  a  working 
party  of  200.  There  was  also  one  division  as  a  further  reserve. 
The  escalade  was  suxxKssful,  but  the  reserves  were  not  brought  up, 
and  the  trooya'^er^  dxiven  out  agauou 

706.  The  object  of  a  Bombardment  may  be  either  to  destroy  Bombard- 
military  or  naval  stores  and  arsenals,  or  to  biing  about  the  '^^^^- 
surrenaer  of  a  place.  With  the  latter  view,  fire  is  directed, 
night  and  day,  upon,  the  building  occupied  by  the  troops  and 
inhabitants,  so  as  to  wear  out  then:  endurance,  and  bring  them 
to  put  pressure  upon  the  commandant.  To  further  this, 
occasional  intermissions  of  fire  are  advisable,  but  they  should 
occur  at  imcertaini  intervals.  The  chances  of  success  will 
depend  upon  the  commandant's  resolution  of  character,  the 
discipline  of  the  troops,  the  numbers  and  spirit  of  the  population, 
and  the  sympathy  between  them  and  the  ^-rison,  and  upon 
the  sufficiency  of  thei  bombproof  cover  existing  in  the  place. 
It  will,  of  course,,  be.  useless  to.  attempt  bombardment  against 
a  place  whose  detached,  forts  are  far  enough  advanced* 
The  loss  of  life  is,  in  most  cases,  comparatively  small  (seldom 
aver  one  per  cent,  of  the  population*),  though  a  large  part  of 
the  town  may  be  burat,.  The  besieger  places  his  guns  in  small 
and  scattered  batteries,  usually  from  2,000  to  5,000  yards  from 
the  place,  in  positions  where  they  are  screened  from  the  view 
of  the   garrison.     His  troops  push  back  the  outposts  of  the 

*  Vid€  Pr^Tostj "  Les  IVrteteeeeB  Fxanfaises  en  197(^-71.* 
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garrison,  and  intrench  themselves  agamst  a  sortie.  If  their 
strength  is  not  equal  to  a  complete  investment,  they  watch 
the  open  sides  with  cavalry,  to  impede  communication  with  the 
country.  The  batteries  open  fire  simultaneously.  There  should 
be  guns  enough  to  maintain  themselves  against  the  artillery  of 
the  fortress,  and  ammunition  enough  to  secure  continuance  of 
fire ;  as  an  enforced  suspension  of  the  bombardment  will  con- 
fiiin  the  courage  of  the  garrison.  About  60  rounds  per  gun 
er  day  is  usually  a  sufficient  allowance.  Heavy  gims  should 
e  used  as  far  as  possible,  on  account  of  the  much  gi-eater 
efiect  of  their  shells,  eepecially  against  powder  magazines,*  and 
other  casemated  buildings;  but  field  guns  may  be  associated 
with  them. 

Bombardment  proved  very  effective  against  the  smaller  French 
fortresses  in  the  war  of  1870,  of  which  16  surrendered  to  it  {e.g.y 
Tool,  Thionviile,  Verdun,  M^zidres,  Neuf-Brisach,  Longwy, 
P6ronne,  &c.). 

The  effect  of  a  bombardment  is  too  uncertain  to  be  safely  relied 
upon  by  itself  for  the  capture  of  a  place.  It  may,  however,  be 
usefully  employed  to  hasten  the  tardy  action  of  a  blockade, 
either  by  destroying  provision  stores,  or  by  its  moral  effect  against 
a  small  fortress ;  or  as  the  preliminary  to  an  assault,  in  which 
case  it  will  be  directed  against  the  works ;  or  lastly,  to  prepare 
the  way  for,  and  accelerate,  a  regular  siege,  in  which  case  it 
will  be  directed  both  against  the  works,  and  against  the  build- 
ings inside  if  they  are  within  range.f 

Regular  eiege.  707*  A  regular  siege,  or  systematic  attackj  remains  the  last 
resource  of  the  besieger,  where  assault  would  be  too  hazardous 
and  costly,  and  blockade  or  bombardment  too  slow  or  un- 
certain. In  this  case,  the  ground,  which  has  been  adapted 
by  the  besieged  to  the  requirements  of  defence,  is  re- 
adapted  by  the  besieger  to  favour  his  approach;  instead  of 
crossing  the  open  field  swept  by  the  fire  of  the  fortress,  lie 
makes  sunken  roads,  or  trenches,  giving  cover  up  to  the  counter- 
scarp; and  instead  of  descending  and  scaUng  the  walls,  he 
makes  breaches  in  them  by  artillery  or  mines,  and  continues  his 
roads  through  these  breaches  into  the  place.      In  order  that 

Approaches,  these  roads,  or  approaches,  may  not  be  enfiladed  by  the  garrison, 
they  are  made  m  zigzags,  their  prolongations  passing  clear  of 
the  fortress ;  or  when  direct  advance  becomes  necessary,  they 
are  provided  with  travei-ses  at  short  intervals.  As  the 
approaches  advance,  lateral  trenches  are  also  made,  to  shelter 
the  troops  who  support  the  working  parties  against  the  fire  or 

Parallels.  sorties  ^of  the  garrison.  These  are  termed  parallels,  being 
parallel  to  the  general  front  of  the  works  attacked.    Meanwhile, 

BaKories.         the  siege  artillery  is  estabhshed  in  batteries,  and  moved  forw^ard 

by  degrees  to  snorter  ranges,  as  may  be  foimd  necessaiy ;  ita 
part  being  to  silence  the  guns  of  the  place,  to  search  the  terre- 


*  The  surrender  of  Montm^dy  in  1870,  after  thirtj-eight  hours'  homhardmenfc, 
was  chiefly  due  to  the  damage  done  to  a  maiu  magazine,  containing  86,000  lbs.  of 
powder,  and  to  the  apprehension  of  its  explosion. 

t  e.j7.  Staluaborg. 
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pleins  and  iuteiiors  of  the  several  works  with  curved  and  high- 
angle  five,  to  repel  sorties,  to  demolish  casemates,  and  ultimately 
to  make  breaches. 

708.  The  several  stages  of  tho  systematic  attack  will  now  Introductory 
be  described  in  order.      The  operations  will  be  assumed  to  be  ??™J*J' 
carried  out  against  a  modern  fortress  provided  with  detached      *^^*^  ^^^' 
works,  since  this  is  the  only  form  of  fortress  that  can  compel  an 
assailant  to  have  recourse  to  this  method  of  procedure.      Small 

places  will  have  to  succumb  to  a  shortened  form  of  attack, 
about  which  some  observations  will  be  made  at  the  end  of  this 
chapter. 

The  subject  is  a  diflScult  one,  as  there  is  very  little  experi- 
ence to  go  upon,  while  it  is  abundantly  evident  that  it  will  no 
longer  be  possible  to  carry  on  operations  in  the  formal  manner 
of  the  past.      The  various  stages  of  the  attack  which  will  now  ^ 

be  described,  will  hardly  ever  follow  one  another  with  regularity. 
They  wiU  be  interrupted  by  periods  in  which  very  httle  advance 
will  DC  made  while  tne  two  sides  are  fighting  for  the  supremacy, 
and  by  other  periods,  in  wliich  this  supremacy  having  definitely 
passed  to  the  attacking  side,  they  will  be  enabled  to  push  on 
rapidly,  and  to  omit  some  of  the  formal  stages  entirely.  The 
attacking  side  may  even  lose  ground  for  a  time,  but  should  \via 
in  the  long  nm,  as,  unless  they  possessed  a  superiority  of  force, 
they  would  not  undertake  the  siege  at  all. 

For  tlie  details  and  construction  of  the  siege  works  used  in 
an  attack  it  will  be  necessary  to  consult  Chapter  VIL 

Preliminary  operations  of  the  regular  siege, 

709.  Before  the  siege  of  a  place  is  undertaken,  as  much  Estimate  of 
information  as  possible  will  be  obtained  respecting  the  number  the  require- 
and  quality  of  the  garrison,  and  the  state  of  the  armament.  ™^  ^  ^^, 
General  knowledge  upon  these  points,  together  with  plans  of  terial. 

the  works  and  of  the  neighbourhood,  will  usually  have  been 
procured  in  time  of  peace;  and  this  will  be  added  to  and 
corrected  firom  the  statements  of  spies  and  deserters,  and  some- 
times by  reconnaissances. 

Upon  these  data  the  strength  of  the  siege  corps  and  of  the 
siege  train  will  be  determined. 

710.  The  siege  corps  should  be  sufficiently  strong—  Strength  of 

theuege 

(1)  To    invest  the  fortress  completely,    and  maintain  the  ^^^'I*- 

investment  against  all  the  efibrts  of  the  garrison ; 

(2)  If  a  regular  siege  is  contemplated,  to  execute  and  guard 

all  the  siege  works  required  for  it. 

Complete  investment  may  sometimes  be  impossible,  but 
experience  has  repeatedly  shown  that  the  difficulties  of  a  siege 
are  enoimously  increased  if  the  garrison  are  able  to  draw  fi-esh 
troops  and  supplies  from  outeide,  and  to  rid  themselves  of  their 

sick  and  Avounded.* 

'- —    .  _. .  -  • ^_^_^^_^_^.^_^^___ 

*  #.y.  SebttatopoL 
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If  the  operations  of  the  armies  in  the  field  do  not  in  them* 
selves  give  security  against  the  enemy's  attempts  to  break  the 
investment  line  and  relieve  the  place,  a  special  corps  of  obeei** 
vation  must  be  formed  for  this  purpose,  in  addition  to  the 
mege  corps.  In  the  same  way,  guards,  escorts  and  detachments 
will  have  to  be  provided  for  the  defence  of  the  communications 
and  supphes,  and  the  strength  of  these  will  depend  upon  the 
character  of  the  country  and  of  the  population. 

Leaving  these,  however,  out  oi  account,  and  looking  only 
to  the  enemy  inside  the  investment  line,  a  force  of  infantry 
of  about  twice  to  three  times  the  strength  of  the  garrison 
seems  ordinarily  to  be  required  to  invest  a  fortress  closely, 
and  a  force  of  from  three  to  four  times  that  strength  to 
prosecute  a  siege  actively.  But  such  general  estimates  will 
be  largely  modified  in  each  particular  case,  according  to  the 
quality  of  the  garrison,  the  extent  to  which  the  ground  and 
tne  works  favom*  sorties  in  force^  the  obstacles  interfering 
with  the  prompt  mutual  support  of  the  several  fractions  of 
the  siege  corps,  the  necessary  development  of  the  siege  works, 
and  the  rapidity  with  which  the  siege  is  to  be  pushed  forward. 
Like  all  other  operations,  also,  sieges  may  have  to  be  under- 
taken, and  may  be  brought  to  a  successful  close,  by  forces 
much  below  the  strength  that  safe  estimates  would  give. 

A  proportion  of  about  six  to  one  uised  formerly  to  be  laid  down 
for  a  regular  siege,  and  even  more  than  this  in  the  ca^  of  small 
fortresses.  Sir  John  Jones*  gives  as  **  the  minimum  of  the  calcula- 
tion '* : — guard  of  the  trenches  three-fourths  the  garrison  at  three 
reliefs ;  working  parties,  2,000,  at  four  reliefs ;  regimental 
and  camp  duties,  one-tenth  the  whole  army,  at  four  reliefs.  With  a 
garrison  of  5,000  this  would  give  11,250  as  guard  of  the  trenches, 
8,000  as  working  parties,  and  12,830  (which  is  equivalent  to 
two>thirds  of  the  guard  of  the  trenches  and  working  parties 
combined)  for  camp  duties,  making  altogether  about  32,000  men. 

But  the  camp  duties  here  referred  to,  include  escorts,  &c,,  whidi 
us  Sir  John  Jones  remarks,  **  will  vary  according  to  the  hostility 
of  the  people  in  whose  country  the  siege  is  carried  on,''  and  whid& 
may  therefore  be  best  considered  separately,  and  in  other  respects  the 
calculation  has  been  affected  by  tne  changes  of  late  years.  Front 
attacks  on  troops  intrenched  have  become  so  difficult  and  require 
so  much  preparation,  that  fewer  troops  are  needed,  whether  to 
^ard  the  investment  line,  or  to  ffuard  the  trenches.  On  the  other 
hand,  the  long  range  and  large  shells  of  rifled  artillery  have  added 
.  greatly  to  the  amount  of  work  to  be  done  in  making  trenches  and 
batteries  in  the  early  stages  of  the  attack.  Increased  working 
parties  have  become  necessary,  but  as  this  pressure  lasts  only  for 
a  few  days,  it  would  probably  be  met  in  most  cases  by  mater 
strain  upon  the  siege  corps  ratner  than  by  a  permanent  addition 
to  its  numbers.t 

For  a  small  place  with  a  ganrison  of  6,000  men,  the  line  of 
investment  would  usually  be  sJbout  12  miles  long.  Three  detach- 
ments, each  about  two-thirds  the  strength  of  the  garrison,  oould 
probably   maintain  this  line  strictly  from  the  first,  and  afford 

*  "  Journals  of  Sieges  in  Spain,^*  note  18.  Sir  Charles  Paeley,  in  the  "  Practical 
Operations  of  a  Siege"  (8rd  £dition),  criticised  this  estimate,  and  maintained  that 
two  and  a-half  times  the  strength  of  the  garrison  was  quite  enough. 
.  t  The  German  rule  during  the  war  of  1870  was  that  one  day  on  outpost,  the 
tiext  day  working  party,  and  the  third  day  rest,  shoidd  be  considered  the  maximum 
of  eftort  for  each  man« 
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«a(^  other  fifipport  if  attacked.  By  the  lime  the  regular  Biege 
hegan,  the  i&veiB(bm«it  line  would  be  fortified,  aad  <!ould  be  held 
by  fewer  lueo.  Two  of  th<e  detachntente  might  be  reduced  to  half 
the  «treitf^  of  the  oaraason— 2,600  men  «am.  The  third,  on  the 
side  of  the  intended  attack,  might  be  raised  to  7,500,  to  furnish 
gnards  of  the  trenches,  at  three  reHefs,  eadh  equal  to  half  the  strength 
of  the  earrison.  Adding  to  these  8,000  men  for  working  parties  at 
four  rmeh^  me^^e^  « twtoi  ol  SO^SOQ,  or  four  times  the  strength  of 
the  garrison. 

With  A  large  fortress,  -sarrounded  by  detached  forts,  and 
occupied  by  40,000  men,  the  line  of  investment  would  usually  be 
,  not  much  under  30  miles  in  length  (as,  e.ff,,  at  Metz).    An  army  of 

80,000  men  would  allow  nearly  3,000  men  per  mile,  and  this  would 
probably  be  no  more  than  sufficient  at  nrst  to  resist  the  heavy 
sorties  of  so  lai^  a  garrison. 

Although  the  length  of  the  investment  line  does  not  increase  in 
proportion  to  the  increase  of  the  garrison,  the  greater  number 
of  men  per  mile  required  to  guard  it  will  keep  the  total  of  the 
investing  force  at  something  like  a  constant  ratio  of  two  to  one  to 
the  garrison,  unless  the  latter  is  out  of  all  due  pToix)rtion  to  the 
exteut  of  the  place.  The  additional  troops  required  for  a  regular 
siege  become  nowever  proportionately  less  as  the  garrison  increases. 
For  the  simultaneous  attack  of  three  detached  forts,  the  working 
parties  may  be  estimated  at  3  X  1,500  men  at  four  reliefs,  or  18,000 
altogether.  For  the  guard  of  the  trenches,  3,000  ^en  per  mile 
woiud  probably  suffice,  and  this  at  three  reliefs,  upon  a  front  of 
four  or  five  miles,  would  require  40,000  men,  half  of  whom  might 
be  drawn  from  the  investment  troops.  This  gives  a  total  of 
118,000  men,  or  about  three  times  the  strength  of  the  garrison,  for 
the  regular  aUack  of  a  large  fortress. 

At  Straflsbiurg  in  1870,  the  garrison  was  £0,000,  and  the  sit^ 
corps  60,000  strong,  and  the  siege  was  pushed  with  great  vigour. 
At  Belfort,  the  garrison  was  over  16,000,  and  the  siege  corps,  at 
first  only  about  10,000,  waa  gradually  increased  to  36,000  ;  but 
the  sie^e  made  slow  yrogveaa,  and  the  place  was  not  taken  before 
an  armistioe  waa  concmdMi.  A  t  ThionviUe,  ihe  garrison  was  5,000, 
and  the  siege  corps  about  15,000 ;  the  place  soirendered  after  the 
opening  of  the  first  parallel. 

711.  The  composition  of  the  siege  corps  Btonld  he  adapted  Compodtion 
to  its  special  work.    The  proportion  of  cavalry  may  be  less  than  ^^  *^®  ""^S® 
in  the  case  of  a  field  army ;  and  the  proportion  of  artillery  and  ^'P** 
engineers  mnst  be  largely  increased.     For  the  service  of  the 

sie^  ordnance  it  is  usual  to  allow  30  men  per  gun,  or  three 
rehefs  of  10  each.  The  engineers  should  be  not  less  than  one- 
twentieth  of  the  strength  of  the  infantry,  and  considerably  more 
if  possible ;  and  there  should  be  from  20  to  60  additional  engi- 
neer officers. 

At  Strassburg,  the  garrison  artillery  of  the  siege  corps  numbered 
7,340,  and  the  engineers  2,900. 

The  additional  engineer  officers  at  Sebastopol  in  1855 
averaged  35. 

712.  Tlie  artillery  siege  train  of  the  British  service  as  at  Artillerj 
present  constituted  is  organized  by  diviiiona  which  are  of  three  "^  ^""^ 
natures,  heavy,  medium,  and  li^ht.      In  organizing  a  traia  for 
service  a  combination  of  these  divisions  would  be  made  according 

to  the  requirements  of  the  particular  case.  Each  division 
condsts  of  16  pieces  of  ordnance  exclusive  of  very  light 
ctms,  and  howitzers,  and  of  machine  guns^  which  would  msQ 
K)rm  part  of  a  complete  train. 
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The  heavy  diviaon  is  composed  of  pieces  of  great  power 
and  accuracy ;  the  medium  of  lighter  pieces,  possessing  con- 
siderable power,  to  be  used  when  the  difficulties  of  transport 
forbid  the  employment  of  the  heavier  ordnance ;  and  the  hght 
of  still  less  powerful  pieces  to  be  used  when  greater  mobilitjf 
is  essential. 

The  composition  of  one  division  of  each  kind  is  as  follows : — 


Description  of  OrdDance  all 

Number  in  a  Division. 

RM.L. 

Heavy. 

Medium. 

Light. 

r  6-6-inch  70  cwt.           

Guns           <  40'pounder35 ,,             

(  25- pounder  18  „             

i  8-inch  70  cwt.              

Howitzers  <  6*6-inch  36  „                 

(  6-3-inch  18  „                 

2 
4 

10 

6 

10 

8 
8 

Totals 

16 

16 

16 

It  may  be  taken  for  granted  that  in  the  case  of  a  siege 
against  a  large  fortress  a  siege  train  of  more  modern  pieces 
would  be  provided. 

It  would  probably  be  principally  composed  of  8-inch  and 
6-inch  B.L.  howitzers.  There  would  also  be  a  few  5-inch  or 
4-inch  B.L.  guns,  but  not  many,  for,  as  is  laid  down  in  "  The 
Siege  Artillery  Drill'' :  "Generally  a  howitzer  can  produce 
nearly  all  the  effects  that  a  gun  of  the  same  weight  can,  and 
many  that  it  cannot."  If  it  be  necessarv  to  attack  armour 
there  might  be  a  few  6-inch  B.L.  gims.  There  would  also  be 
machine  and  small  quick-firing  guns  and  some  light  field 
howitzers  or  mortars. 

For  the  service  of  each  division  four  batteries  of  garrison 
artillery  are  detailed,  each  battery  exclusive  of  officers,  non- 
commissioned officers,  &c.,  comprising  120  gunners. 

It  may  be  remarked  that  for  the  attack  of  a  small  place, 
probably  7  or  8  divisions  would  be  enough,  say  120  pieces ;  for 
a  large  fortress,  with  detached  forts,  and  a  numerous  garrison, 
perhaps  three  times  as  many  would  be  needed,  say  350  to  400 
pieces.  It  is,  however,  impossible  to  lay  down  any  rules  on  the 
matter. 

The  German  siege  trains  in  1870  were  often  very  small :  at 
Thionville  61  pieces,  M6zi(lre8  68,  ToiU  31,  Long^  52,  Nenf 
Brisach  34  (excluding  field  guns).  But  the  French  fortresses 
were  known  to  be  ill-armed,  and  iU-adapted  for  defence.  For  the 
siege  of  Strassburg,  the  besiegers  collected  373  pieces  at  the  depdts, 
but  used  onlj  24.^  At  Sebastopol,  when  the  last  bombardment 
opened,  there  were  698  pieces  in  the  besiegers'  batteries. 

In  addition  to  the  pieces  of  the  siege  train,  field  guns  will  be 
made  use  of,  to  assist  in  driving  back  the  garrison  in  the  first 
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instance  into  their  works,  and  in  repelling  their  sorties  after- 
wards, and  to  arm  lodgments  in  captured  outworks. 

713.  Each  piece  of  the  siege  train  might  be  accompanied  by  Ammunition. 
500  rounds  of  ammunition.  This  is  enough  to  begin  witn,  but  in  a 

siege  of  30  days  at  least  double  this  quantity  is  likely  to  be 
required.  According  to  Gci-man  experience,  the  daily  expendi- 
ture per  gun  ought  seldom  to  exceed  60  rounds,  but  in  the 
earlier  stages  of  the  attack  it  may  be  necessary  to  obtain  a 
superiority  of  fire  by  an  expenditure  of  200  rounds  per  piece 
per  diem,  a  rate  quite  consistent  with  accuracy. 

At  Strassburg,  about  200,000  rounds  were  tired  from  240  pieces 
in  36  days,  and  at  Belfort  100,000  rounds  from  about  90  pieces  in 
72  days.  At  Sebastopol,  nearly  150,000  rounds  were  fired  in 
three  days  from  698  pieces. 

714.  To  secure  proper  sites  for  the  siege  parks  the  points  Organkation 
to  be   attended  to  are  (1)  security;    (2)  proximity  to  good  andendnZr 
commimications  to  front  and  rear.     The  main  parks  should  be  siege  parks, 
out  of  sight  and  range  of  the  fortress,  and  if  possible  near 
railway  or  water  communications.     From  the  outlying  workf* 

of  the  defence  7,000  or  8,000  yards  ought  to  be  the  minimum 
distance  for  a  park  containing  gunpowder  or  other  combustibles. 
Parks  not  containing  such  matter  might  be  established  somewhat 
nearer.  It  is  convenient  to  have  but  one  general  engineer  park 
and  one  general  artillery  park.  From  these  are  supplied  in  due 
course  the  intermediate  depots  of  each  aim  ;  on  each  main  line 
of  approach  there  would  probably  be  one  depot  of  this  kind. 
These  might  be  2,000  or  2,500  yards  from  the  fortress,  out  of 
sight  and  connected  with  the  general  parks  and  the  siege 
works  by  means  of  lines  of  railway  or  tramway.  They  should 
contain  supplies  for  one  "siege  day  " — i,e.^  24  hours.  From  the 
intermediate  engineer  depots  would  be  ultimately  supplied  the 
trench  dep6ts,  which  are  not  fixed  permanently  in  position,  but 
advance  with  the  progress  of  the  attack.  In  most  cases  such 
trench  depdts  would  be  only  heaps  of  material  laid  on  the 
reverse  of  the  parallels ;  where  approaches  join  a  parallel  good 
positions  are  afforded  for  such  collections. 

The  general  parks  will  contain,  and  be  kept  supplied  with, 
all  the  ordnance,  ammunition,  stores,  materials,  tools,  used  by 
either  arm  for  the  prosecution  of  the  siege. 

The  details  of  the  equipments  and  the  regulations  of  issue  are 
given  in  the  "Siege  Artillery  Drill,"  and  in  the  "Kegulations  for 
the  Supply  of  Stores  to  an  Army  in  the  Field." 

The  engineer  train  prepai*ed  for  the  siege  of  Strassburg  inchided 
8,000  spades,  4,000  picks,  11,000  yards  of  tracing  tape,  600  axes, 
1,000  billhooks,  100,000  sand-bags,  30  sets  of  carpenter's,  and  20 
sets  of  smith's  tools,  for  the  stores  and  workshops  of  the  parks, 
sapping  tools  for  12  sapheads,  and  mining  tools  for  three  mine 
attacks  of  eight  heads  each,  together  with  nearly  200  other  items. 
At  the  siegre  of  Gaeta,  in  1860,  nearly  400,000  sandbags  were  used 
by  the  engineers. 

715.  Without  waiting  for  the  siege  trains,  or  for  the  complete  Inrcsinicnt. 
formation  of  the  siege  corps,  the  investment  of  the  fortress  may 

be  undertaken.    This  should  be  executed  rapidly,  by  surprise  if 
(8250)  N 
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possible,  and  simultaneouBly  on  all  sides,  in  order  that  the  place 
may  not  be  provisioned  or  reinforced,  or  have  time  to  prepare  for 
defence.     The  investing  corps  should  be  at  least  one  and  a-half 
times  the  garrison,  and  especially  strong  in  cavalry,  which  with 
horse  artillery  are   pushed  forward   and   advance  in   several 
columns,  carefully  timed  so  that  the  heads  of  the  columns  may 
all  close  upon  the  place  by  the  various  main  roads  leading  to 
it,  a  Uttle  before  aaybreat.     This  advanced  force  of  cavalry 
conceals  the  march  of  the  main  bodies,  prevents  the  defenders 
getting  in  suppUes,  or  destroying  bridges  and  communications, 
and  cuts  oflF  all  communication  between  the  garrison  of  the 
fortress  and  the  outer  world.     OflBcers  of  the  staff,  artillery,  and 
engineers  accompany  the  cavalry  to   make  such  preliminary 
•  reconnaissances  of  the  fortress  and  its  neighbourhood  as  are 

possible.  On  the  arrival  of  the  main  bodies  the  cavalry  invest- 
ment is  converted  into  a  complete  investment,  and  the  defenders' 
outposts  are  as  far  as  possible  driven  in  under  the  guns  of  the 
fortress. 

In  the  case  of  a  large  fortress  with  a  garrison  able  to  operate 
in  the  field,  the  wide  dispersion  necessary  for  a  simultaneous 
investment  on  all  sides  may  expose  the  several  divisions  of  the 
investing  force  to  the  risk  of  being  attacked  and  defeated 
separately.  In  such  a  case,  therefore,  and  still  more  where  an 
armv  has  taken  shelter  under  a  fortress,  the  investment  must  be 
made  gradually ;  the  whole  force  must  advance  upon  one  side 
of  the  place,  and  the  leading  corps  must  take  up  a  position  upon 
this  siae,  to  receive  an  attack,  so  that  under  cover  of  tiiis  posi- 
tion the  other  corm  may  move  round  successively,  and  form  up 
on  the  flanks,  untu  the  circle  is  completed. 

The  strength  of  the  investing  force  depends  upon  the  nature  of 
the  country,  the  size  and  armament  of  the  fortress,  and  the  quality 
of  the  troops  comprising  the  garrison.  Where  these  conditions 
are  least  in  favour  of  the  attack,  an  investing  force  of  two  and 
a  half  to  three  times  that  of  the  garrison  would  probably  be 
required,  the  proportion  being  larger  as  the  place  is  smaller. 
Under  more  favourable  circumstances  the  investing  force  may 
be  proportionately  reduced. 

The  several  divisions  of  the  investing  force  press  in  upon 
the  place,  as  close  as  they  can  without  loss,  so  as  to  shorten  the 
line  of  investment.  A  near  approach  will  also  allow  of  a  more 
complete  reconnaissance  of  the  fortress.  But  if  the  garrison  is 
strong  and  of  good  quality,  it  will  usually  prevent  this, 
maintaining  itself  for  some  time,  perhaps  even  for  weeks  or 
months,  in  outlying  field  works,  supported  by  the  gims  of 
the  forti-ess.*  In  anv  case  the  latter  will  commonly  forbid 
the  main  bodies  of  the  investing  force  to  establish  themselves 
nearer  than  about  2^  miles  from  the  place,  though  the  outposts 
may  be  pushed  forward  a  mile  or  more  to  the  front. 
Fortification  716.  At  about  these  distances,  more  or  less,  according  to  the 

rLtafent  line   ^*^^®  ^^  *^®  ground,  and  the  relative  strength   of  uie  two 
opponents,  the  unes  of  investment  will  be  systematically  taken 

•  #.y.  Belfort. 
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up,  SO  ae  to  secure  a  strict  blockade.  The  whole  liue  wiH  be 
divided  into  sections,  as  the  ground  may  dictate ;  the  troops 
(divisians  or  brigades)  assigned  to  each  section  supplying  their 
own  outposts  and  reserves.  Good  communications  will  at  once 
be  established  between  the  different  sections,  to  allow  of  prompt 
mutual  support,  and  lines  of  field  telegraph  made  to  connect 
them  all  with  the  head-quarters.  The  fighting  positions  . 
selected  are  hastily  entrenched  for  immediate  defence,  and  the 
works  gradually  strengthened  afterwards,  as  may  appear  neces- 
sary. {See  Chapter  II,  para.  190,  and  also  Appendix  A  to  Part  I, 
"  Environs  of  Metz."^  The  outposts  provide  themselves  with 
cover,  natural  or  artificial,  and  if  the  groimd  is  favourable,  and 
they  are  far  to  the  front,  create  an  outpost  position,  which 
may  be  held  against  small  detachments,  and  will  do  something 
to  delay  the  advance  of  sorties  in  force.  Where  heavy  attacks 
are  to  be  looked  for,  it  may  be  necessary  to  prepare  also 
reserve  positions  behind  the  fighting  positions,  especially  for 
the  protection  of  important  pomts,  sucn  as  depots  and  railway 
stations. 

If  the  force  is  too  weak  to  invest  the  fortress  on  all  sides  Partial  in- • 
without  a  dangerous  dispersion,  it  must  choose  a  position  ^•>*">^*- 
favourable  for  defence,  barring  the  roads  which  are  of  most 
value  to  the  garrison  ;  and  by  cavalry  detachments  and  flying 
columns  it  may  naiTowly  limit  the  communications  of  the  place 
with  the  country,  until  reinforcements  arrive  and  the  invest- 
ment can  be  completed. 

717.  In  addition  to  the  investment  lines  to  resist  the  sorties  Lines  of  oir- 
of  the  garrison,  or  lines  of  contravallatioriy  it  was  at  one  time  cmaTallatioii. 
customary  to  make  lines   of  circumvallatioriy  facing    outwards 
towards  the  country,  to  guard  against  all  attempts  at  relief. 

But  with  the  greater  mobiUty  of  modern  armies,  it  has  been 
found  better  to  enjoy  freedom  of  manoeuvring,  and  to  meet  a 
reUeviDg  anny  in  the  open  field,  perhaps  manv  miles  from  the 
fortress  besieged,  than  to  wait  passively  within  lines  to  be 
attacked  both  from  inside  and  from  outside,  at  the  time  and 
point  the  enemy  may  choose.  Particular  positions  may,  how- 
ever, be  chosen  and  fortified  beforehand,  upon  the  probable 
line  of  advance  of  a  relieving  army.* 

718.  Immediately  after  the  investment,  the  besiegers   will  Choice  of  the 
make  reconnaissances,  if  necessary  in  force,  with  the  view  of      .  ^  attack* 
driving  in  the  enemy's  outpost  line,  and  so  obtaining  oppor- 
tunity of  correcting  and  completing  theii-  plans  of  the  fortress 

and  its  neighbourhood,  and  of  obtaining  such  information  as 
shall  enable  them  to  decide  how  and  where  to  attack  it. 
During  these  reconnaissances  field  observatories  might  be 
established  and  captive  balloons  used  to  assist  in  obtaining 
infoi-mation.  If  a  regular  siege  is  in  question,  it  has  to  be 
considered — 

(I.)  On  which  side  can  the  approaches  be  most  easily 
executed,  looking  to  the  nature  of  the  soil,  and  the 
nearness  of  rock  or  water  to  the  surtace ; 


*  e.ff.  The  Lisaine  poiition  coTering  Belfort  in  1870. 
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'  (2.)  Which  of  the  works  open  to  attack  will,  if  taken,  be  most 
decisive  of  the  fate  of  the  whole  fortress ; 

(3.)  Which  of  these  works  is  easiest  to  take,  as  re^rds  the 
character  of  the  fortifications,  the  support  given  to  it 
by  other  works,  and  the  form  of  the  ground  m  front. 

(4.)  Which  of  the  fronts  otherwise  suitable  best  satisfies  the 
strategical  conditions :  is  most  convenient  in  relation 
to  the  line  of  supply  or  retreat,  and  will  give  greatest 
security  against  attempts  to  relieve  the  place.  On 
account  of  the  immense  weight  of  the  ammunition  and 
other  material  now  required  for  a  siege,  the  choice 
of  the  front  or  fronts  to  be  attacked  depends  less  on 
the  nature  and  disposition  of  the  works  of  the  fortress 
than  on  the  local  circumstances  affecting  the  facilities 
for  transport.  For  this  reason  the  existence  of  a 
railway  or  navigable  waterway  would  probably  exer- 
cise a  great,  if  not  a  paramount,  influence  in  the 
solution  of  the  problem. 

719.  Taking  all  these  points  into  account,  the  commanding 
engineer,  in  concert  with  the  commanding  oflSicer  of  artillery, 
draws  up  a  project  of  attack,  showing  generally  its  probable 
extent  and  ultimate  direction,  and  submits  it  to  the  commander 
of  the  siege  corps.  It  is  necessary  to  fix  without  delay  the  posi- 
tion of  the  siege  parks  or  depots,  so  that  they  ma^  be  at  once 
got  ready  for  the  reception  oi  the  siege  trains ;  but  it  will  seldom 
be  possible  to  lay  down  definitely  at  this  stage  the  whole  course 
of  tne  attack,  as  was  formerly  done,  and  to  calculate  from  it  in 
detail  the  working  parties  and  material  that  will  be  required. 
It  must  be  expected  that  the  garrison  will  throw  up  fresh 
works  and  counter-approaches. 

To  assist  observations,  where  churches,  trees,  &c.,  are 
not  available  at  the  best  points  of  view,  observatories  may  be 
built  up  of  spars,*  and*  powerful  telescopes  mounted  upon  them. 
Or  balloons,  either  free  or  captive,  may  be  made  use  of,  and  in 
the  latter  case  there  will  be  telegraphic  communication  between 
the  balloon  and  the  ground,  romts  will  also  be  chosen  f©r 
instrumental  observation  of  the  effect  of  fire,  and  the  necessary 
base  lines  measm*ed. 

720.  As  soon  as  the  side  of  attack  has  been  decided  on,  the 
work  of  sheltering  the  siege  troops  and  stores  can  begin.  The 
men  will  be  cantoned  in  villages,  if  possible,  but  where  these  are 
wantiag,  or  lie  so  fieir  from  the  field  of  attack  that  the  march- 
ing to  and  from  the  trenches  would  add  greatly  to  the  fatigue 
of  the  troops,  huts  may  have  to  be  madcf  . 

721.  Tne  considerations  affecting  the  choice  of  sites  for  the 
general  parks  for  engineer  and  artillery  material  have  been 
alreadv  (see  para.  714)  brought  forward.  In  addition  to 
what  nas  been  said  in  that  paragraph,  it  may  be  stated  that 
it  is  desirable  that  they  should  also  be  near  a  town  capable  of 


*  As  was  done  at  Charleslon,  to  a  height  of  140  feet, 
t  9-Sf*  Sebastopol. 
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^ving  accommodation  to  the  large  number  of  men  and  anunals 
that  will  be  employed  in  connection  with  them.  As  regards 
the  internal  aiTangement  of  the  parks,  it  will  be  sufficient  to 
say,  without  entering  into  details,  that  it  should  be  systematic, 
and  attention  should  be  paid  to  drainage  and  communications. 
In  the  case  of  parks  containing  powder,  the  magazines  should, 
if  practicable,  be  kept  distinct  and  separate  by  means  of  high 
banks  of  earth,  the  presence  of  which  would  tend  to  localize  the 
effects  of  an  explosion. 

722.  As  soon  as  possible  parties  are  detailed  to  cut  brushwood.  Brushwood  • 
and  *to  work  it  up  into  gabions,  fascines,  &c.     The  brushwood  »»d  timber, 
may  be  workeci  up  where  cut,  or  it  may  be  brought  to  the 
cantonments  of  the  troops ;   but  as  it  is  troublesome  to  shift,  it 

should  find  its  way  as  directly  as  possible  to  the  engineer  park.  Engineer  park 

This  park,  the  arrangement  and  size  of  which  will  depend  on 

local  circumstances  and  Ihe  requirements  of  the  siege,  will  be 

organised  in  separate  sections  for  the  different  kinds  of  material 

and  different  classes  of  tools ;  sheds  being  made  for  those  things 

that  would  suffer  by  exposure,  and  for  workshops  and  steam 

machinery. 

For  the  attack  of  a  small  fortress  it  is  estimated  that  about 
20,000  gabions  should  be  provided,  for  which, according  to  Chatham 
experience,  about  200  acres  of  brushwood  must  be  cut. 

For  the  siege  of  Gaeta  in  1860,  60,000  bundles  of  brushwood 
were  cut  bj  a  working  party  of  150  men  in  three  months,  and  these 
served  for  8,400  gabions,  13,400  fascines,  and  150  sap  rollers. 

On  the  attack  of  the  southern  forts  of  Paris  by  the  Germans  in 
the  late  war  the  engineer  park  at  Villa  Coublay  occupied  a  space 
of  300  yards  by  100  yards,  and  contained  12,000  cabions,  10,000 
fascines  in  addition  to  hurdles,  with  workshops,  tool-sheds,  &c. 

Timber  will  also  have  to  be  worked  up  for  platforais,  mining 
frames,  planks  and  splinterproofs. 

723.  As  soon   as  the  besiegers'  progress  will  allow  of  it,  J^^™®^** 
the  intermediate  depots  (see  para.  714)  are  established,  usuallr  '' 
one  on  each  line  of  approach,  and  a  mile  or  a  mile  and  a-half 

from  the  place,  to  contam  the  supplies  required  for  twenty-four 
hours.  These  feed  the  smaller  trench  depCts^  and  are  themselves 
fed  from  the  engineer  park,  with  which  they  should  be  con- 
nected, if  possible,  by  a  Ime  of  railway  or  tramway.  'A  railway 
of  suitable  gauge  would  connect  the  general  parks  with  the 
local  system  of  railways,  and  this  local  gauge  may  be  also  used 
to  connect  the  parks  with  the  intermediate  dep&ts  and  the 
batteries  of  the  first  artillery  position.  It  is  probable,  however, 
that  the  break  of  gauge  would  occur  at  the  parks,  and  the 
trench  tramway — which  is  more  quickly  laid  than  the  broader 
gauges — be  employed  for  further  carriage  and  running  into  the 
trenches.. 

The  Distant  Attach 

724.  While  the  parks  are  being  established  the  active  Attack  on 
oj)erations  of  the  siege  should  begin.    The  garrison  of  the  place  outpoett. 
will  not  at  first  suffer  themselves  to  be  confined  to  their  line  of 

forte,  but  will  occupy  positions  in  advance,  pushed  put  as  much 
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perhaps  as  2,000  yards  and  strengthened  with  fieldworks. 
The  nrst  thing  to  be  done  is  to  drive  them  back  from  these 
advanced  positions,  For  this  purpose  it  will  be  necessary  to 
throw  up  distant  batteries,  which  may  have  to  be  as  far  as  6,000 
yards  from  the  forts,  but  which  should  be  brought  in  as  close 
as  possible  so  that  they  may  serve  for  future  operations. 

It  will  not  be  necessary  to  arm  them  with  the  most  powerful 
field  artillery,  as  there  will  be  no  breaching  to  be  done  or  strong 
bombproofs  to  be  penetrated;  heavy  field  artillery  or  light 
howitzers  will  sufiice.  Batteries  that  are  within  range  of  the 
forts  may  be  more  powerfully  armed  in  view  of  iuture  action. 
These  batteries  need  not  be  very  soKdly  constructed,  and  should 
always  be  concealed  from  the  view  of  the  enemv. 

Supported  in  this  manner,  the  besiegere  will  endeavour  to 
push  back  the  outposts  of  the  garrison,  holding  any  ground 
they  may  gain  by  means  of  rifle  pits  and  shelter  trenches,  and 
eventually  driving  them  back  into  the  Une  of  forts. 

It  is  evidently  impossible  to  lay  down  any  precise  rules  as 
to  the  conduct  of  these  operations.  The  works  to  be  attacked 
will  not  bo  known  beforehand,  and  they  will  vary  with  the 

¥  round  and  with  the  number  and  vigour  of  the  defenders, 
hey  may  be  so  weak  as  to  be  carried  at  once  by  assault,  or 
they  may  be  so  strong  as  to  require  to  be  attacked  in  form  like 
permanent  works,  or  they  may  have  any  intermediate  degree 
of  strength.  The  defence  of  Belfort  (Appendix  II  and  PL 
CLIX),  snows  how  much  may  necessarily  have  to  be  done 
against  strong  provisional  works. 
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First  Artillery  Position. 

725.  After  driving  in  the  outposts  and  before  commencing 
the  systematic  approach  towards  the  place,  it  will  be  necessary 
to  prepare  the  way  by  establishing  a  superiority  over  the 
artiUerj-  of  the  parts  to  be  attacked,  and  eventually  silencing  it. 

For  this  purpose,  what  is  termed  the  Jirst  artillery  position 
must  be  taken  up,  consisting  of  siege  batteries  lying  bemnd  the 
outpost  line  of  the  investment,  and  intended  especially  to 
dismount  the  guns  bearing  on  the  field  of  attack,  by  enmade 
or  frontal  fire.  Being  situated  behind  the  line  of  the  fortified 
outpost  position  they  are  protected  by  it  from  the  danger  of 
destruction  by  sorties,  and  in  their  neighbourhood  the  Une 
may  be  strengthened  by  the  use  of  obstacles,  and  by  the 
posting  of  field  artillery  to  sweep  the  ground  and  approaches 
m  their  front. 

726.  The  lateral  extent  of  the  line  of  batteries  in  the  first  . 
artillery  position  will  be  very  considerable,  as,  in  order  to  secure 
his  flanks,  it  will  be  necessaiy  for  the  besieger  to  open  a  gap 
from  8,000  to  10,000  yards  wide  in  the  line  of  works.  Thus, 
taking  the  case  of  a  small  fortress  with  detached  forts,  as 
shown  in  outline  in  PI.  CLVI,  where  the  forts  are  about 
2,000  yards  ajpart  and  2  miles  from  the  enceinte,  it  will  be 
necessary  at.  least  to   take  two  of  th^m  and  thoroughly  to 
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Silence  each  of  the  adjacent  ones  together  with  all  their 
subsidiary  works.  It  is  usually  sufficient  to  push  a  direct 
attack  on  two,  or  at  most  three  forts,  as,  when  once  a  footing 
has  been  gained  in  the  line,  it  is  much  easier  to  attack  others  on 
the  flank  or  gorge. 

The  batteries  of  the  fiist  artillery  position  wUl,  therefore,  E»to»t  <>* 
extend  over  a  front  of  about  5  miles.  position.   '^ 

They  must  be  at  such  a  distance  from  the  place  that  they  Hapaannirtlia 
can  be  made  and  armed  without  serious  intemiption.     At  the  fortrcM. 
same  time  their  own  fire  will  gain  greatly  in  effect  as  the  range 
decreases.     Their  distances  will  vary,  therefore,  from  4,000  to  Distance  of 
2,000  yards,  according  to  the  suitability  of  the  ground  and  the  batteries, 
cover  it  affbrds,  and  according  to  the  attitude  of  the  garrison 
and  the  power  of  the  fortress. 

For  convenience   of  supply  and  control,  they  may  be  in  Distribution 
groups,  but  unless  the  site  compels  it,  they  should  not  be  so  o^  batteries, 
close  to  each  other  as  to  form  a  single  target  for  the  enemy,  and 
there  should  seldom  be  more  than  four  or,  at  most,  six  guns 
in  one  battery. 

The  exact  positions  of  the  batteries  must  be  determined  by  Position  of 
the  ground,  the  command  and  cover  it  affords,  and  the  character  batteries, 
of  the  soil ;  woods,  hedges,  walls,  and  fences,  as  well  as  the 
undulations  of  the  ^ound  itself,  will  be  taken  advantage  of,  not 
only  to  hide  batteries  while  they  are  being  made,  but  also  to 
make  it  more  difficult  afterwards  for  the  enemy  to  observe  the 
effect  of  his  fire  on  them.  Easy  and  sheltered  approach  to  them 
from  the  rear  must  also  be  studied,  so  as  to  escape,  as  far  as 
may  be,  the  necessity  for  special  trenches  of  communication. 

727.  The  natures  of  fire  to  be  used  from  ordnance  in  the  Bmplojment 

fii'st  artillery  position  are  as  follows : —  of  the 

Oidnanoe. 

(1)  Fire  against  armament  for  the  purpose  of  silencing  it, 

either   by  destroying    the    pieces    themselves,  their 
mountings,  or  their  emplacements. 

(2)  Fire  against  men  so  that  they  may  be  prevented  from 

moving  freely  about  the   works  and  from  working 
their  guns. 

(3)  Fu*e  against  cover  such  as  casemates  and  magazines, 

with  a  view  to  the  destruction  of  men  and  stores. 

The  fire  against  armament  would  be  with  common  shell, 
and  may  be  either  direct,  oblique,  or  enfilade  according  to  its 
position.  For  enfilade  fire  howitzers  would  always  be  used,  as 
the  high  angle  of  descent  of  their  projectiles  would  enable 
them  to  clear  all  but  the  highest  traverses.  Howitzers  would 
also  be  necessary  against  concealed  batteries.  Against  visible 
guns,  which,  however,  are  not  likely  to  be  often  met  with  in 
future,  guns  mi^ht  be  used,  but  ho^vitzers  are  better.  **  To 
dismount  a  gun  it  must  be  struck  by  a  projectile  itself,  not  by 
a  splinter,  on  the  muzzle  or  on  a  trunnion,  or  a  shell  miist  burst 
between  the  cheeks  of  the  carriage  under  the  gun.  Taking 
into  consideration  the  small  size  of  the  object,  and  the  length 
of  range,  it  is  obvious  that  a  large  number  of  rounds  would 


184 


ATTACK  AND  DEFENCE  OP  FORTRESSES. 


I 


Direction  of 
lines  of  firs. 


Constraction 
of  batteries. 


robably  have  to  be  fired  before  this  could  be  achieved  even 
y  an  accui*ate  gnn ;  in  a  similar  length  of  time  the  8-inch 
howitzer  would  have  wrecked  and  rendered  the  emplacement 
untenable.* 

Guns  protected  by  iron  in  the  manner  described  in 
Chapter  IV,  para.  467,  may  be  attacked  either  by  the  direct 
fire  of  hiffh  velocity  guns  with  armour-piercing  projectiles,  or 
with  high-explosive  shell  fired  from  howitzers.  The  latter 
would  probably  be  the  most  eflTective,  as  the  iron  roofs  are 
formed  so  as  to  deflect  projectiles  moving  on  a  flat  trajectory. 
Either  the  cupolas  themselves  or  their  concrete  foundations 
might  be  attacked. 

For  fire  against  men,  shrapnel  or  ring  shell  would  be 
employed,  either  from  howitzers  or  guns.  The  latter  would 
probably  be  best  if  they  were  imperfectly  covered. 

Fire  against  casemates  and  magazines  would  bo  with 
common  shell  from  howitzers.  As  the  mark  would  be  unseen 
it  would  be  necessary,  in  order  to  do  serious  injury  to  a  fort, 
to  fire  a  large  number  of  projectiles  at  it,  changing  the  point 
of  impact  from  time  to  time  so  as  to  ensure  striking  it  in  all 
parts. 

Fire  against  material  would  usually  be  carried  on  by  day. 
At  night  shrapnel  and  ring  shell  would  be  used  to  prevent  the 
garrison  carrying  out  repairs. 

Of  the  pieces  mentioned  in  para.  712  as  being  included  in 
the  composition  of  a  siege  train,  the  following  are  all  suitable 
for  employment  in  the  first  artillery  position,  though  the  last 
named  is  for  most  purposes  far  inferior  to  the  other  two : — 

The  8-inch  howitzer  70  cwt. 

()'6-inch  gun         70 

6*6-incli  howitzer  36 

727.  With  regard  to  the  direction  of  the  lines  of  fire  of  the 
attack,  it  is  desirable  to  enfilade  faces  of  works  wherever 
possible,  as  more  projectiles  are  likely  to  take  effect  than  when 
firing  direct.  It  is  also  good  to  enfilade  lines  of  communica- 
tion. With  these  exceptions  it  does  not  much  matter  how  the 
batteries  are  arranged  with  reference  to  the  works  attacked. 
Considerations  of  convenience  and  security  can  be  allowed  full 
weight. 

728.  As  regards  the  batteries  themselves,  various  types  of 
constniction  will  be  found  described  in  the  next  chapter,  and  the 
choice  among  these  types  will  depend  upon  the  soil,  and  the 
exposui'e  of  the  batteiy. 

Rocky  or  swampy  ground  may  impose  special  modes  of  con- 
struction :  at  Sebastopol  batteries  had  to  be  built  of  sandbags. 
But  the  latitude  of  choice  afforded  by  long  range  artillery  will 
usually  make  it  possible  to  avoid  very  unfavourable  soil.  Bat- 
teries that  are  hidden  from  the  view  of  the  besieged  can  be 
worked  at  night  after  night,  and  they  may  be  begun  as  soon 
as  the  attack  is  decided  on,  while  waiting  for  the  siege  train 
to  arrive ;  so  that  any  degree  of  soUdity  that  may  be  thought 
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necessary  can  be  given  to  them.  Even  in  exposed  positions, 
unfinished  batteries,  at  a  distance  from  the  place,  may  be 
disguised  during  the  daytime  by  a  covering  of  branches. 

Smooth  slopes  and  shaip  crests  are  always  to  be  avoided, 
for  they  help  the  enemy  in  his  aim  and  in  the  observation  of  the 
point  of  impact  of  his  projectiles. 

The  batteries  of  the  first  position  being  armed  chiefly  Armament  of 
with  the  heavier  pieces  of  the  siege  train,  the  difficulty  of  the  batteries, 
transporting  and  mounting  them  makes  it  important  to  avoid 
the  necessity  of  moving  the  ordnance  more  than  is  absolutely 
necessary.  The  heaviest  should,  therefore,  if  it  be  possible,  be 
placed  in  positions  where  they  may  continue  to  fire  with  effect 
throughout  the  siege. 

The  number  of  pieces  required  will  depend  upon  the  number 
and  weight  of  those  they  have  to  oppose,  and  the  advantages 
of  position  they  may  enjoy.  As  all  the  fronts  of  a  fortress 
cannot  be  fally  armed  to  meet  a  regular  attack,  nor  all  the 
intermediate  batteries  built,  the  besiegers,  in  so  far  as  they  have 
disguised  their  intentions,  will  have  to  deal  in  the  first  instance 
only  with  partially  anned  positions,  which  will  give  them  an 
initial  advantage,  and  may  enable  them  to  do  with  fewer  guns. 
Howitzers  will  be  needed,  to  search  the  interiors  of  the  works, 
both  with  shell  and  shrapnel ;  to  dismount  guns,  penetrate 
into  shelters  and  magazines,  set  fire  to  wooden  buildings,  and 
hinder  all  repairs  or  additions  to  the  armament.  Guns  may 
also  be  used  for  direct  fire  at  ti'oops  and  armament.  The 
distant  batteries  previously  mentioned  (para.  724)  may  be  made 
use  of  for  this  purpose,  and  take  part  in  the  formal  attack. 
Special  batteries  of  field  and  machine  guns  will  be  required  to  Batteries 
guard  against  sorties.  Such  pieces  would  usually  bo  placed  against 
in  batteries  formed  of  groups  of  gun  epaulments,  and  detached  sorties. 
or  connected  gun  pits  {see  paras.  77  and  107)  with  the  addition 
of  splinter-proof  cover  for  the  gun  detachments.  Such  special 
batteries  are  necessary,  as  the  pieces  in  the  siege  batteries 
are  not  as  a  rule  available  for  furnishing  fire  over  the  ground 
between  the  batteries  and  the  foi-tress,  being  generally  placed  in 
hollows,  masked  by  natural  or  artificial  screens,  and  firing  through 
countersloping  embrasures.  Their  lateral  range  also  would  bo 
limited  in  extent.  The  special  batteries  built  to  repel  sorties 
und  strengthen  the  attack  would  in  many  cases  be  made  during 
the  preliminary  operations  of  the  investment,  and  are  not  there- 
fore to  be  considered  or  classed  as  siege  batteries  of  the  first 
artillery  position,  although  their  existence  is  not  only  desu*able 
but  essential  for  the  protection  of  these  latter.  If  possible  they 
should  be  provided  with  natural  or  artifical  screens. 

726.  The  building  of  the  siege  batteries  may,  as  already  Arming  of  the 
mentioned,  be  mostly  done  before  the  whole  siege  train  arrives,  batteries. 
When  the  siege  corps  and  the  parks  are  so  far  organised,  that 
everything  is  ready  for  the  vigorous  prosecution  of  the  formal 
attack,  tlio  da}'  is  fixed  for  opening  fire;  and  in  the  preceding 
night  the  batteries,  with  the  exception  of  such  as  are  in  positions 
where  this  operation  could  be  previously  carried  out  without 
attracting  the  attention  of  the  enemjr,  are  armed,  and  such  pf 
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them  are  built  as  it  would  have  been  impossible  to  conceaL 
The  greatest  foresight  in  the  arrangements  for  arming  the 
batteries  is  necessary,  so  as  to  avoid  confusion  and  mistakes 
during  the  night  march ;  and  every  commander  of  a  battery 
should  inspect  beforehand  very  carefully  the  road  which  his 
column  has  to  take.  It  is  likely  that  in  future  sieges  of  im- 
portance tramways  will  be  largely  used  for  arming  the  batteries 
as  well  as  for  counecting  the  batteries  and  magazines  with  the 
depots  and  trenches;  but  in  the  absence  of  such  modem 
appliances  the  older  method  of  traction  by  horses  must  be 
employed. 

During  the  night  any  trees  or  other  screens  w^hich  have 
hitherto  servcjd  to  hide  the  batteries,  but  which  would  now 
interfere  with  their  fire,  are  removed;  and  also  any  objects 
which  might  assist  the  enemy  in  correcting  his  range.  Posts 
of  observation  must  be  got  ready  for  watching  the  effect  of  the 
fire  of  each  battei-y  ;  and  all  the  groups  of  batteries  should  be 
connected  by  field  telegraph  with  the  head-quarters  of  the 
officer  commanding  the  artillery. 

730.  All  the  batteries  of  the  firet  position,  if  exposed  to 
view,  should  be  ready  to  open  fire  at  daybreak ;  so  as  to  antici- 
pate the  fortress,  and  to  get  the  advantage  of  observing  theii* 
own  shots,  and  making  the  necessaiy  corrections  before  they  are 
exposed  to  a  reply. 

In  cases,  however,  where  the  attacking  batteries  are  suffi- 
ciently screened  there  is  no  absolute  necessity  for  opening  fire  at 
dawn  of  day.  The  positions  of  the  batteries  is  not  revealed  to 
the  enemy  till  fire  is  opened-  In  such  cases  time  would  be  avail- 
able for  careful  fixing  of  points  for  reverse  laying,  and  for  the 
completion  of  any  minor  an-angements  which  can  be  more 
satisfactorily  carried  out  by  dayUght. 

The  daily  expenditure  of  ammunition  will  be  fixed  by  order, 
and  only  exceeded  under  very  special  circumstances ;  the  fire  will 
be  slackened,  but  not  entirely  suspended,  during  the  night.  On 
opening  fire,  when  the  effort  to  establidi  a  superiority  of  fire 
is  being  made,  it  may  be  necessary  to  provide  at  least  200  rounds 
per  gun  per  siege  day.  In  the  subsequent  stages  of  the  siege 
the  fire  is  more  deliberate. 

In  experiments  at  Dungeness,  in  1880,  a  maximum  rate  of 
accurate  fire  of  20  rounds  per  hour  was  obtained  from  the  6*6-inch 
and  the  8-inch  70  cwt.  howitzers,  and  double  that  rate  from  the 
6'3-inch  howitzers  with  small  charges.  It  is,  however,  unlikely 
that  under  service  conditions  these  rates  could  be  maintained. 


Preparaiions  I 
for  the  first  ||^ 
paraUeL 


ITie  First  Parallel. 


731.  The  first  thing  aimed  at  by  the  besiegers  in  the  system- 
atic attack,  is  the  formation  of  the  Jirst  parallel^  as  an  extended 
infantiy  position  facing  the  front  attacked,  to  protect  the 
batteries  by  which  the  fire  of  the  place  is  to  be  kept  imder,  and 
to  sei-ve  as  a  secure  base  for  nearer  approaches.  To  gain  as 
much  gj'9V^^  ^s  possible  at  one  etroke^  and  bring  the  besieger 
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« 

within  medium  rifle  range  of  the  fortress,  so  that  his  marksmen 

may  annoy  the  gunners  of  the  garrison,  it  is  desirable  that  the 

first  parallel  should  not  be  more  than  800  to  1,000  yards  from 

the  detached  forts.     And  it  can  seldom  be  placed  much  nearer 

than  this  without  exposing  the  working  parties  to  immediate 

discovery  by  the  garrison,  and  to  heavy  loss  fi'om  their  rifle 

fire. 

At  the  siege  of  Tortosa  by  the  French,  in  1810,  a  lieayy  enow- 

storm  allowed  the  besiegers  to  open  the  first  parallel  within  300 

^  yards  from  the  place  ;  and  at  the  siege  of  Antwerp  citadel  in  1832, 

the  French  made  their  first  parallel  400  yards  from  the  works, 

concealed  by  gjirden  enclosures  which  had  not  been  cleared  away. 

The  main  objects  of  this  first  and  the  other  succeeding 
parallels  are : — 

(1)  To  provide  a  position  for  the  covering  troops  to  enable 

them  to  resist  sorties. 

(2)  To  furnish  a  powerful  fire  of  rifle  and  machine  guns 

in  aid  of  the  artilleiy  fire  from  the  batteries. 

(3)  To  serve  as  covered  communications  along  the  front. 

Formerly  the  making  of  the  first  parallel,  and  of  communica-  The  old 
tions  to  it  from  the  rear,  was  the  very  first  act  of  the  formal  method, 
attack,  and  its  ordinary  distance  from  the  fortress  was  only 
about  600  yards.  Every  precaution  was  taken  to  conceal  from 
the  enemy  upon  what  night,  and  upon  which  side  of  the  fortress, 
this  opening  of  the  trenches  was  to  take  place.  But  even  if  the 
working  parties  were  discovered,  the  random  and  comparatively 
inefiective  tire  of  the  garrison  in  the  darkness  had  no  great 
eiSect,  and  they  were  protected  against  sorties  by  the  covering 
troops.  If  the  work  went  on  without  interruption,  the  parallel 
was  practically  finished  by  morning,  and  served  to  guard  the 
construction  of  the  batteries  on  the  following  night. 

The  order  of  things  is  now  reveraed.  The  batteries  are 
built  fii-st  in  order  that  by  their  fire  they  may  render  the  con-  '* 

struction  of  the  parallel  possible. 

732.  Under  ordinary  cu-cumstancees  the  time  and  mode  of  Progrees  of 
opening  the  first  parallel  will  depend  upon  the  result  of  the  the  attack^  if 

artillery  combat.  JelStedL     ^ 

'*  If  our  estimation  of  the  enemy  proves  correct,  and  our  bat- 
teries are  properly  constructed,  we  shall  establish  in  the  course  of 
a  few  hours  a  decided  superiority  over  him.  At  the  same  time,  the 
batteries  told  off  for  the  prnpose  cannonade  the  enemy's  posi- 
tions outside  the  fortress,  and  direct  their  fire  chiefly  upon  his 
reserves,  or  upon  any  buildings  in  which  he  may  have  entrenched 
himself.  The  enemy  has  sometimes  been  driven  back  into  the 
fortress  by  this  fire  alone  ;  but,  as  a  rule,  a  special  action  between 
the  outposts  will  be  necessary  before  this  result  can  be  attained. 
Whether  this  action  should  be  undertaken  on  the  first  evening, 
while  the  impression  of  the  first  day's  firing  is  fresh,  and  its 
effect  utilised,  or  whether  further  measures  are  necessary; 
•whether  this  action  is  to  be  simultaneous  over  the  whole  front, 
or  partial ;  whether  the  enemy  is  to  be  thrown  back  into  th^ 
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fortress ;  or  whether  it  is  more  advisable  to  be  satisfied  with 
smaller  successes,  and  gain  groimd  piece  by  piece,  depends  so 
verj'  much  upon  circumstances,  and  upon  the  moral  condition  of 
the  enemy,  as  well  as  upon  the  impression  made  by  our  fire,  that 
no  definite  rules  can  be  laid  down.  Only,  one  point  must  be 
insisted  on  in  the  most  absolute  way  :  in  all  actions  the  outposts 
must  be  provided  with  a  considerable  amount  of  intrenching 
mat&rieU  so  as  to  be  able  to  make  good  any  advantage  which 
they  may  have  gained.  Plenty  of  spades  should  be  taken, 
because  from  that  time  forth  the  only  available  means  of  cover 
is  that  which  the  earth  affords An  energetic  de- 
fender will,  before  the  fire  is  opened,  have  determined  upon  the 
actions  for  which  he  must  prepare  himself,  and  have  decided 
upon  the  points  on  which  he  proposes,  when  the  struggle  com^ 
mences,  to  take  up  fresh  offensive  positions  as  a  surprise  to  the 
besieger.  This  vnW  be  still  more  possible  if  the  fortress  is  sur- 
rounded with  a  girdle  of  detached  forts,  between  which  the 
defender  constructs  his  batteries.  Moreover,  we  must  be  pre- 
pared for  the  fact  that  we  have  no  precise  knowledge  of  the 
lortress,  and  the  enemy  can  throw  up  lines  and  works  that  have 
not  been  calculated  upon.  Both  of  these  measures  might  inform 
the  besieger,  either  on  the  fii'st,  or  on  one  of  the  following  days, 
that  his  fiivit  artillery  position  was  not  suflicient,  and  that  he  must 
build  and  arm  more  batteries,  until  he  has  finally  established  a 

complete  superiority Our  superiority  will  be  shown 

by  tne  fact  of  the  enemy  being  brought  to  silence,  because  he 
can  no  longer  maintain  himself  on  the  ramparts.  Although  the 
fixe  continues  night  after  night,  he  will  endeavour  to  renew  the 
fight  afresh  each  morning,  but  not  for  any  time ;  he  may  fire  a 
few  guns  here  and  there  in  the  course  of  the  day,  which  we  shall 
have  to  dislodge,  but  his  entire  course  of  action  shows  that  we 
are  gradually  overcoming  him. 

"  While  this  goes  on,  our  outposts  are  constantly  gaining 
ground  forward,  entrenching  themselves,  and  opening  up  com- 
munications from  their  position  to  the  rear.  Opportunities  will 
offer  for  pushing  forward  those  batteries,  which,  in  their  first 
position,  were  too  fiir  off  from  their  objects,  and  in  consequence 
nave  not  done  much  execution ;  and  when  the  nearer  batteries 
are  built  and  armed,  those  replaced  by  the  new  batteries  discon* 
tinue  their  fire. 

'*  By  gradually  pushing  forward  the  outposts,  we  gain  tlie 
ground  on  which  the  first  parallel  is  to  be  thrown  up.'*  Then, 
instead  of  opening  the  first  parallel  in  a  single  night  by  large 
and  exposed  working  parties,  it  **can  be  established  with 
greater  certainty  ana  with  less  loss  by  gradually  pushing 
forward  the  outposts  up  to  the  gi'ound  where  the  fii-st  parallel 
is  to  be  opened,  throwing  up  shelter  trenches  between  tne  posi- 
tions of  the  outposts,  and  afterwards  lengthening  and  widening 
them."  * 

733.  This  procedure   supposes  a  strong  and  enterprising 


*  Kraft,  Prinoe  of  Hohenlohe-Ingelfingen^  i^  pn  Sieges."     Boyal  £n?ineer^ 
frofeseional  Papers,  Tol.  XXI. 
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garrison ;  it  will  be  abridged  and  accelerated  just  in  proportion 
as  the  defence  proves  less  stubborn.  With  small  fortresses,  at 
all  events,  the  older  method  of  opening  the  first  parallel  in  a 
single  night,  will  probably  still  be  adhered  to  in  most  cases,  after 
the  artillery  armament  of  the  fortress  has  been  temporarily  crip- 
pled by  the  batteries  of  the  first  position,  and  the  attention  of 
the  ganison  diverted  to  the  repau:  of  their  own  works. 

The  opening  may  take  place  on  the  first  night,  aa  at  ThionvUle 
Uee  App.  1),  while  the  impression  of  the  first  day's  cannonade  is 
rresh ;  or  it  may  be  postponed  until  the  besiegers'  superiority  is 
more  completely  established;  or  until  the  night  is  more  favourable 
for  concealment.  At  Neuf  Brisach,  in  1 870,  successive  postpone- 
ments were  found  necessary  on  account  of  the  brightness  of  the 
moon,  and  the  place  was,  meanwhile,  brought  to  surrender  by  the 
fire  of  the  batteries.  In  such  cases,  the  outposts  will  be  pushed 
forward  night  after  night,  pressing  back  the  outposts  of  the 
garrison  and  intrenching  themselves,  and  falling  back  again  in 
the  morning  to  their  old  positions ;  so  that  there  may  be  nothing 
to  indicate  the  night  of  opening  to  the  enemy,  when  It  comes. 

It  may  sometimes  even  be  possible  to  throw  up  the  first 
parallel  before  opening  fire.  This  would  be  a  surprise,  and 
could  hardly  be  carried  out  unless  the  earrison  neglected  their 
outpost  duty.  If  successful  it  would  have  the  advantages  of 
firmly  establishing  the  attack  near  the  fortress,  and  of  enabling 
rifles  and  machine  guns  to  take  part  in  silencing  the  armament, 

This  was  the  course  adopted  by  the  Germans  at  Strassburg. 
In  one  night  the  first  parallel,  with  its  centre  and  left  com- 
munications— altogether  about  5  miles — were  opened  by  infantry 
working  parties  about  5,000  strong.  At  the  same  time,  2,800 
men  of  their  fortress  artillery  built  11  batteries,  in  which  44 
siege  guns  were  mounted  by  daybreak.  These,  with  44  piecest 
left  in  the  batteries  which  had  been  previoui^y  used  for  their 
bombardment,  gave  altogether  88  siege  pieces  (besides  field  guns), 
which  opened  fire  on  the  following  mominff,  and  very  soon 
estabUshed  their  superiority  over  the  guns  of  the  fortress. 

734.  The  mode  of  tracing  and  executing  the  parallel  by  Protection  of 
common  trendiwork,  will  be  found  described  in  the  next  chapter  ^^®  workmen 
(para.  80f5).  On  the  night  fixed  for  it,  the  outposts  must  be 
strengthened  on  the  fronts  of  attack,  and  with  their  reserves 
and  the  main  body,  they  constitute  the  covering  troops.  These 
troops  are  on  duty  for  24  hours,  taking  with  them  cooked  pro- 
visions for  that  time,  and  a  certain  proportion  of  intrencning 
tools.  The  formation  adopted  by  these  troops  is  generally 
similar  to  that  laid  down  for  the  defence  of  a  position.  Sending 
patrols  to  the  front  (who  should  avoid  discovery  by  the  enemy), 
they  are  disposed  in  three  lines : — 

(1)  A  line  of  picquets,   about  200  paces  in  firont  of  the 

5>araliel;  these  throw  out,  about  100  paces  to  the 
ront,  a  chain  of  double  sentries,  the  intervals  being  so 
arranged  as  to  prevent  the  passage  of  a  hostile  patroL 
A  pick  and  shovel  is  given  to  each  file  for  the  purpose 
of  mtrenching  themselves.  .  \  z 

(2)  A  line  of  supports,  100  paces  in  rear  of  the  picquet  lixi^. 
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(3)  A  local  reserve,  massed  at  about  500  to  1,000  yards  in 
rear  of  the  parallel,  and  preferably  on  its  flanks. 

The  strength  of  (1)  and  (2)  might  in  each  case  be  equal  to 
about  one  man  per  pace  of  front ;  of  (3)  one  man  to  every  two 
paces  of  front  occupied  by  the  covering  troops.  (1)  and  (2) 
should  be  divisions  of  the  same  tactical  unit ;  the  companies 
composing  (1)  might  each  send  one  section  to  the  front,  as 
sentries.  The  reser^^e  would  probably  include  cavalry  and 
artillery.  The  total  strength  of  the  covering  troops  will  depend 
upon  the  character  of  the  garrison,  ana  the  faciUties  for 
making  sorties.  To  ensuie  a  superiority  of  force,  they  must 
exceeof  two-thirds  the  strength  of  the  garrison ;  but  smaller 
numbers  may  often  suffice. 

At  Strassburg,  with  a  garrison  of  20,000,  the  covering  troops 
were  about  6,000,  the  length  of  the  parallel  being  about  two 
miles. 

The  execution  of  the  parallel  once  begun,  should  be  con- 
tinued, if  possible,  without  interruption,  in  spite  of  the  enemy's 
sorties,  which  it  is  the  business  of  the  covering  troops  to  repulse. 
If  it  becomes  necessary  to  withdraw  the  workmen,  they  should 
retire  by  companies  with  their  tools,  ready  at  once  to  resume 
work ;  and  their  tools  should  only  be  given  up  when  it  is  de- 
cided to  discontinue  work  for  the  night.  They  then  become 
available  as  troops  to  take  part  in  the  fight. 

A  little  before  dawn  the  working  party  is  relieved,  and  the 
covering  troops  fall  back  and  occupy  tne  trenches.  The  picquet 
companies  leave  sentries  in  the  half-finished  parallel,  and  he 
down  close  to  the  reverse  slope  of  the  parallel ;  imder  favour- 
able circumstances  they  may  be  retired  to  obtain  cover  100 
paces  or  so  in  its  rear.  The  supports  retire  to  sheltered 
ground,  near  enough  to  allow  them  to  reach  the  parallel  sooner 
than  the  garrison,  in  case  of  a  sortie.  If  necessary,  shelter 
trenches  are  made  for  them.  The  reserve  is  placed  about  a 
mile  behind  the  parallel. 

When  the  parallel  is  finished,  it  is  occupied  by  troops.  The 
berm  between  the  parapet  and  trench  serves  as  a  banquette, 
and  to  enable  the  troops  to  cross  over  the  parapet  to  repel 
sorties,  parts  of  it  are  prepared  with  steps  {see  para.  811). 

The  troops  occupying  the  parallel  are  called  the  guard  of 
the  trenches.  They  consist  of  (1)  main  body,  and  (2)  reserve. 
The  strength  of  the  former  should  not  exceed  one  and  a  half 
man  per  yard,  that  is  to  say,  one  man  per  yard  on  the 
banquette  and  half  as  many  to  replace  casualties.  At  night, 
sentries  would  be  pushed  forward  to  occupy  the  outpost  rifle 

Eits,  and  patrols  freely  employed  to  the  front ;  these  at  day- 
reak  retire  into  the  parallel.  The  strength  of  the  reserve 
depends  on  the  strength  and  morale  of  the  garrison.  During 
the  day  it  may  be  1,000  to  1,500  paces  behind  the  parallel,  and 
posted  usually  on  the  flanks ;  at  night  this  distance  may  be 
reduced  to  one  half. 

735.  The  guard  of  the  trenches  is  relieved  once  in  24  hours, 
usually  about  mid-day.    For  th«  working  parties  the  reUe&  are 
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of  six  or  eight  hours ;  but  the  men  of  each  company  are  marched 
off  as  soon  as  their  task  is  finished.  Short  rehefs  are  best  when 
the  numbers  are  small :  but,  with  the  very  large  working  parties 
required  for  the  first  few  nights,  frequent  changes  involve  risk 
and  confusion,  and  not  more  than  two  reliefs  can  be  reckoned 
on  in  24  hours.  The  duty  should  be  taken  by  companies  and 
.battalions,  imder  their  own  officers,  and  not  by  mixed  detach- 
ments. The  engineers  are  relieved  at  intermediate  hours  to  the 
infantry  working  parties.  As  all  new  work  is  generally  begjun 
at  nightfall,  in  order  to  get  good  cover  by  morning,  successive 
periods  of  24  hours  are  reckoned  by  nights,  instead  of  days,  and 
begin  at  dusk. 

736.  The  extent  of  the  first  parallel  must  be  sufficient  to  Extent  o! 
embrace  the  field  of  attack,  and  to  cover  all  the  nearer  batteries  —L^Jf 
that  are  afterwards  made  by  the  besieger  in  rear  of  it.     It 

may  therefore  be  4  or  5  miles  long,  but  it  may  not  be  necessary 
to  widen  it  throughout  to  the  full  profile,  rortions  of  it  may 
be  formed  by  taking  advantage  of  existing  cover,  such  as 
walls,  hedges,  houses,  or  folds  in  the  ground.  Its  extremities 
are  thrown  back  so  as  to  furnish  some  fire  towards  the 
flanks,  and  rest,  if  possible,  upon  natural  obstacles  or 
fortified  posts;  redoubts  may  sometimes  be  necessary  here, 
if  the  ground  is  favourable  for  sorties.  Gun-pits  or  epaulments 
for  field  guns  to  repulse  sorties  are  also  required,  both  upon  the 
flanks  and  at  intervals  alon^  the  fi:ont ;  the  guns,  until  they 
are  needed,  being  kept  well  under  cover,  in  deep  trenches  or 
bUndages. 

737.  Three  or  more  approaches  are  usually  found  neces-  ApproaclicB. 
sary  for  the  attack  of  any  important  front.     Of  these,  one  at 

least  must  be  opened  at  tne  same  time  with  the  first  parallel,  to 
serve  as  a  covered  communication  to  it  from  the  rear.  These 
approaches  are  made  in  zigzags,  the  prolongations  of  which  fall 
alternately  to  the  right  and  left  of  the  fortress,  and  about  100 
yards  clear  of  the  most  prominent  works,  to  prevent  their  being 
readily  enfiladed.  In  tracing  them,  every  advantage  will  be 
taken  of  the  form  and  surface  of  the  ground ;  but,  except  in  so 
far  as  this  may  influence  them,  they  are  kept  generally  upon 
the  capitals  of  the  works  attacked,  as  being  there  on  the  most 
direct  line  to  their  object.  Each  branch  of  a  zigzag  overlaps 
the  branch  behind  it  by  about  10  to  20  yards,  screening  it  from 
enfilade  view,  and  at  the  same  time  forming  a  return  which 
may  be  useful  as  a  trench  depot  for  engineer  stores.  These 
returns,  where  trench  railways  are  used,  may  with  advantage 
be  even  longer. 

738.  The  above  remarks  on  the  trace  of  the  parallel  and  the  ExamplM  of 
approaches  are  iUustrated  by  Plate  CL  VI,  which  gives  a  general  J^^J^^*^ 
sketch  of   the  works  of  the  systematic  attack  upon  a  small 
fortress  up  to  the  forts  (m  the  front  attacked.    In  this  sketch 

it  is  assumed  that  the  first  artillery  position  can  be  placed  at 
3,000  to  3,500  yards  from  the  forts.  This,  however,  must  be 
looked  upon  as  a  mere  diagram.  Circumstances  of  site  so 
largely  influence  the  earlier  operations  of  a  siege,  especially 
the  distribution  of  the  batteries  of  the  first  artillery  position,  jiot 
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Diippel. 


ouly  in  general  but  in  detail,  that  they  can  only  be  properly 
studied  m  cases  where  the  features  of  the  gi'ound  are  shown, 
and  particularly  from  actual  examples. 

The  siege  of  Belfort,  in  1870-71,  will  serve  as  one  such 
example,  with  more  particular  reference  to  the  formal  a.ttack  on 
Les  Perches  (see  App.  2  to  this  Chapter  and  Plate  CLIX). 

Here  the  batteries  of  the  first  artillery  position  were  from 
1,200  to  1 ,500  yards  from  the  place,  and  therefore  very  neai*, 
being  favoured  by  the  form  of  the  ground,  and  the  first  parallel 
from  600  to  900  yards  from  the  two  Perches  redoubts. 

•  See  also  the  Attack  on  the  Diippel  Bridge-Head,  PL  XLVII, 
in  Part  I,  with  the  Prussian  approaches  against  the  left  of  the 
Danish  works,  and  the  batteries  of  the  first  artillery  position 
fii-ing  across  an  arm  of  the  sea. 


Batteries  of 
the  second 
artillery 
position. 


The  natures 
of  fire  to  be 
used. 


T7ie  Second  Artillery  Position. 

739.  The  distance  of  the  batteries  of  the  first  position  and 
the  consequent  inaccuracy  of  their  fire,  will  make  it  very  difficult 
for  them,  without  excessive  expenditure  of  ammunition,  to 
silence  the  fortress  altogether,  and  to  defeat  the  efforts  of  the 
garrison  to  re-open  fire.  As  soon,  therefore,  as  the  first  parallel 
is  securely  established,  a  second  artillery  position  will  be  taken 
up  in  rear  of  it,  at  from  1,000  to  1,500  yards  from  the  place.  The 
batteries  of  this  position  will  be  armed,  partly  with  fresh  pieces 
from  the  park,  partly  with  pieces  moved  forward  from  some  of 
the  batteries  of  the  first  position.  Their  functions  are  more 
strictly  defined  than  those  of  the  more  distant  batteries,  and 
their  several  positions  are  in  closer  connection  with  the  trace  and 
nature  of  the  forts  to  be  attacked. 

Their  general  function  is  to  prepare  the  way  for  the  advance 
from  the  first  parallel  to  the  close  attack.  To  do  this,  it  is  in 
the  first  place  necessary : — 

(1.)  To  silence  the  artillery  fire  of  the  place  bearing  on  the 

attack,  and  to  execute  all  or  some  of  the  foUowiDg : — 
C2.)  To   destroy   or   open  up  such  of  .the  works  as  more 

especially  bear  on  the  field  of  attack,  and  to  prevent 

their  re-annament  or  re-occupation. 
(3.)  To  dislodge  any  field  or  machine  guns  that  may  retard 

the  progress  of  the  siege  works. 
(4.)  To  breach  walls,  and  destroy  obstacles. 
(5.)  To  silence,  if  possible,  flanking  defences. 
(6.)  To  prevent  repairs  on  the  part  of  the  garrison. 
(7.)  To  destroy  and  cut  down  interior  retrenchments,  aud 

to  prepare  breaches  and  clear  them  for  the  passage  ol 

the  assaulting  columns. 

740.  The  natures  of  fire  to  be  used  for  these  purposes  are 
the  same  as  from  the  first  artillery  position,  but  breaching 
forms  an  additional  duty,  which  will  be  treated  at  greater 
length  further  on. 
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A  battery  for  enfilade,  or  oblique  fire,  if  enfilade  be  not 
possible,  ^bould  be  established  for  each  face  attacked. 

A  dismounting  battery  should  be  established  for  each  face 
bearing  on  the  attack. 

Howitzer  batteries  for  destroying  cover  would  be  required, 
at  the  rate  of  one  per  work  at  least. 

The  position  of  breaching  batteries  depends  on  the  nature 
of  the  revetment  to  be  destroyed.  They  should  not  be  too 
near,  or  very  small  charges  will  have  to  be  used.  This  subject 
is  further  treated  of  in  para.  751. 

On  the  batteries  in  the  second  artillery  position  will  fall  the  Attack  on 
chief  work  of  silencing  any  armoured  defences,  as  the  fire  from  »raiour©d 
the  first  position  will  be  neither  accurate  nor  powerful  enough    *  ®"^^'* 
for  the  purpose.     This  may  be  done  either  oy  heavy  guns, 
such  as  tne  6-inch  B.L.  mounted  on  disappearing  carriages,  or, 
preferably,  by  heavy  howitzers  firing  long  shell.     There  are 
never  likely  to  be  many  armoured  guns  oi  large*  caUbre  in  a 
fortress,  and  they  might  be  dealt  with  by  concentrating  upon 
them  one  after  the  other.     It  is  impossible  at  present  to  say  how 
long  the  operation  would  take.     It  might  be  possible  to  silence 
them  by  means  of  small  quick-firing  g^ns  taken  into  the  advanced 
trenches,  firing  at  the  muzzles  of  the  guns  whenever  they  were 
visible.     A  blow  on  the  chase  from  a  soKd  shot  would  put  them 
Iwrs  de  combat.     Quick-firing  guns  can  bo  used  in  the  advance, 
since  they  fii-e  smokeless  powder,  and  can  easily  be  concealed. 

Probably  the  6-inch  B.L.  gun  would  be  the  best  weapon  for 
dealing  witn  the  small  cupolas  for  ouick-firin^  guns.  These 
have  not  mass  enough  to  withstand  hammering  with  high- 
velocity  projectiles,  even  if  they  were  thick  enough  to  resist 
penetration. 

741.  The  precise  distance  of  all  these  batteries  will  depend  rosiUon  of 
upon  the  gi'ound,  and  upon  the  shooting  of  the  particular  pieces  ^^^  batteries, 
with  wliich  they  are  to  be  armed ;  but,  speaking  generally,  the 
batteries  may  be  placed  between  the  limits  of  1,000  to  1,500 
ards  from  the  fortress.  Within  this  zone  the  batteries  would 
e  placed  according  to  the  objectives  allotted  to  each.  Some 
might  be  established  in  the  parallel  itself,  but  when  they  have 
to  fire  over  troops  posted  in  the  parallel  it  is  better  that  they 
should  be  200  or  300  yards  in  rear  of  it. 

The  batteries  of  the  second  position  will  be  exposed  to  a  Construction 
more  accurate  and  more  powerful  direct  fire  than  tnose  of  the  of  ^^'le 
first  position,  and  it  will  be  less  easy  to  find  natural  screens  to  ^^*«"^* 
mask  them  during  and  after  coiistniction.     They  will  therefore 
i-equire  thick  parapets;  and  artificial  screens   of  earth  must 
be  provided,  at  all  event*  in  front  of  all  batteries  intended  for 
direct  fire.     The  trenches  fm-nishing  the  earth  for  these  screens 
will,  if  continuous,  serve  as  communications  to  the  batteries, 
and  Avill   also  help    to   hide   their    exact   positions  from  the 
besieged  while  they  are  incomplete.     But  it  is  very  desirable, 
whenever  it  can  l)e  done,  to  construct  and  arm  the  batteries 
in  a"  single  night,  rather  than  to  trust  to  such  concealment  of 
them  during  the  day. 

The  arming  of  the  batteries  presents  greater  difficulties  than  Aiming  the 

(8250)  O  batteries. 
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in  the  case  of  the  first  position,  because  of  the  nearness  to  the 
enemy.  Trench  railwaj^s  of  narrow  gauge  should,  if  the 
materials  are  to  be  had,  be  laid  down  in  the  approaches  from 
the  intermediate  depots  to  the  first  parallel,  and  will  be  of 
especial  service  in  bringing  up  ammunition.  But  the  guns  will 
often  have  to  be  taken  to  their  batteries  across  the  open 
ground,  and  therefore  only  the  lighter  pieces  of  the  siege  train 
will  nt  first  be  brought  forward,  except  those  that  may  be 
absolutely  necessary  for  the  penetration  of  iron  plating  or 
other  exceptional  purposes. 

The  heaviest  howitzers  will  be  required  for  breaching  con- 
cealed escarps ;  but  as  this  operation  can  be  put  off  until  the 
approaches  are  further  advanced,  these  howitzers  need  not  be 
brought  up  until  the  fire  of  the  place  is  thoroughly  subdued. 

742.  As  soon  as  most  of  the  batteries  are  ready,  they  will 
open  fire  simultaneously  at  daybreak,  supported  by  the  rifle 
fire  of  the  parallel,  and  by  the  heavier  guns  left  behind  in  the 
first  position.  To  reduce  the  fortress  to  silence,  it  will  often  be 
best  to  concentrate  for  a  time  upon  particular  works,  without, 
however,  completely  neglecting  others ;  and  even  when  works 
are  silenced,  some  fire  must  still  be  kept  up  on  them,  to  prevent 
the  garrison  from  withdrawing  or  remounting  the  guns.  The 
engagement  must  be  continued  day  and  night,  until  the  artillenr 
defence  of  the  fortress  is  completelv  broken  down.  This  result 
is  to  be  looked  for  from  the  besiegers'  superiority  in  number 
of  pieces  and  in  supplies. 

In  the  case  of  a  well-aiTanged  modern  fortress,  in  which  the 
guns  are  dispersed  and  concealed,  and  in  which  there  are 
faciUties  for  directing  the  fire  of  distant  guns  on  any  desired  spot, 
and  for  bringing  up  fresh  ordnance  to  replace  any  that  may  be 
damaged,  a  long  fight  is  Ukely  to  take  place  at. this  period 
before  the  defence  is  worn  out  and  the  besieger  can  proceed  to 
further  operations. 

It  may  very  well  happen  that  the  resources  of  the  garrison 
will  thus  be  exhausted,  and  that  they  will  be  incapable  of 
resisting  an  assault  on  the  works.  On  the  other  hand,  they 
may  be  still  capable  of  stopping  an  open  advance  with  rifle 
fire  and  light  artillery,  in  which  case  further  works  of  approach 
must  be  undertaken  by  the  besieger. 


Advance  from 
first  parallel. 


Execution 
of  the 
second 
parallel  hy 
flying  trencli' 
work. 


Works  of  Approach, 

743.  As  soon  as  the  first  parallel  is  securely  established, 
and  the  fire  of  the  place  suflSciently  brought  under,  approaches 
by  zigzag  are  resumed  upon  the  capitals  of  the  works  attacked ; 
and  at  rather  less  than  half-way  from  the  first  parallel  to  the 
fortress,  the  heads  of  these  approaches  are  connected  by  a  second 
parallel.  This  parallel  will,  if  possible,  bo  executed  like  the 
first  in  one  night,  by  extended  working  parties,  protected 
by  covering  troops.  The  distances  between  the  diffierent  bodies 
composing  these  covering  troops  may  be  about  one  half  of 
those  laid  down  in  the  case  of  the  first  parallel  {see  par.  734). 
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But  the  besiegers  are  now  within  medmm  or  even  short-  nfl^ 
range,  and  it  becomes  more  urgent  than  ever  to  geit  fe^tw 
quickly.  Each  man,  therefore,  of  the  working  party  is  n6ftYCl^ 
provided  with  two  gabions,  which  he  places  m  front  of  WM 
upon  the  tracing  line  of  the  parallel,  and  fills  as  rapidly  as  he 
can,  so  as  to  obtain  a  bullet-proof  parapet  in  half  an'  hour; 
This  parapet  is  then  gradually  thickened^  the  •gabions*  forminig 
an  interior  revetment ;  and  the  ti'ench  behind  it  is  enlarged  to 
the  same  dimensions  as  the  first  parallel.  This  method  of 
execution,  termed  Jlying  trenchwork  (see  para.  808),  may  have  to 
be  emploved  also  for  the  approaches  fJrom  the  first  parallel, 
instead  of  common  trenchwork.  But  it  may  be  impossible  i6 
use  ^trenchwork  at  all,  in  which  case  it  will  be  necessary  to 
advance  by  the  method  of  gaining  ground  by  gradually  pushing 
forward  and  entrenching  outposts.    (See  para.  732.> 

744.  Flying  trenchwork  will  continue  to  be  made  use  of  Advance^ 
in  the  further  approaches,  in  advance  of  the  second  parallel,  Jj^^d  ^'^ 
whenever   the   passiveness    of  the  defence  gives  opportunity  psraUelbj 
for   its   employment.    But  the   rifle   fire   of   the   place   now  wp. 
becomes  much  mofe  accurate,  and  the   ground  over  which 

the  besiegers  have  to  advance  can  be  much  more  thoroughly 
lighted  up,  so  th?it  even  by  night  they  cannot  hope  for  con- 
cealment from  a  vig;ilant  garrison.  In  fact,  day  may  become 
more  favourable  than  night  to  their  further  progress,  as  allowing 
the  workmen  to  be  better  supported  by  the  fire  of  the  batteries 
and  parallels  behind  them.  Henceforward  they  must  expect 
to  be  mainly  dependent  upon  the  sap  {see  para.  813).  In  this 
there  is  no  extension  of  large  parties  of  exposed  men  for  the 
simultaneous  execution  of  the  work ;  but  one  man  (a  trained 
sapper)  works  forward  along  the  line  of  the  intended  trench, 
covering  himself  by  a  parapet  as  he  advances,  and  is  followed 
by  othei-s  who  widen  his  trench  and  thicken  his  parapet.  The 
rate  of  progress  of  the  sapheads,  therefore,  regulates  the  rate  of 
progress  of  the  siege,  and  every  effort  must  be  made  to  push 
them  forward  rapidly,  or  to  gain  ground  by  flying  trenchwork 
whenever  it  seems  to  be  possible. 

At  the  siege  of  Starassburg,  the  latter  was  largely  employed 
even  up  to  the  crest  of  the  glacis. 

745.  The  third  parallel  is  usually  placed  at  the  foot  of  the  Third 
glacis,  or  about  100  yai'ds  from  the  salients  of  the  covered  way,  P*»ll«l« 
As  it  serves  as  the  base  for  the  close  attack,  to  gain  possession  of 

the  glacis  and  covered  way,  it  is  important  to  have  it  as  far  forward 
as  possible ;  and  a  more  advanced  position  would  bring  it  within 
reach  of  the  defender's  countermines,  if  these  exist.  It  is  ex- 
tended on  either  flank  no  fui-ther  than  is  necessary  to  envelop 
the  work  attacked,  unless  a  further  extension  is  necessary  in 
order  to  give  strength  against  sorties.  It  is  formed  by  simul- 
taneous saps  diverging  from  the  heads  of  the  several  approaches. 

The  approaches  between  the  second  and  the  third  parallel^  Approaches 
though  executed  by  a  different  method  from  those  between  the  ^  ^^^  Jhiird 
first  and  second  parallel,  will  usually  correspond  to  them  both  in  P*'^®*' 
profile  and  trace ;  but  as  ttie^garrison  mustlby  this  time  be  con- 
(8250)  0  2 
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Demi* 
pftnllelf. 


for  high-aDgle 
fire. 


For  the 
guard  of  the 
trenches. 


fined  to  the  line  of  the  forts  it  may  be  sufficient  to  protect  them 
being  enfiladed  if  the  prolongations  of  the  branches  of  the 
zigzags  pass  40  yards  outside  of  the  salients  of  the  covered 
way. 

The  sapheads  may  be  protected  at  night  by  groups  of 
riflemen  in  pits,  some  30  or  40  paces  in  front,  with  supports  in 
the  returns  of  the  approaches  or  in  the  parallel.  If  nfle  pits 
have  to  be  employed  they  should  be  utilised  in  forming  the 
approache& 

Owing  to  the  advanced  position  of  the  third  parallel,  the 
sappers  pushing  forward  the  appro€u>hes  would,  before  the^ 
reached  it,  fina  themselves  nearer  to  the  enemy  than  to  their 
own  supports  in  the  second  parallel.  Demirparallelst  100  to  150 
vards  in  length,  may  therefore  be  made  on  each  approach,  about 
half-way  between  the  second  and  third  parallels,  to  receive 
some  detachments  of  the  guard  of  the  trenches. 

746.  Sometimes  the  parallels  or  approaches  will  be  foimd  to 
obstruct  the  fire  of  some  of  the  batteries,  and  it  may  be 
necessary  to  make  nearer  batteries  as  substitutes  for  them,  but 
it  will  be  the  exception  to  bring  forward  siege  guns  in 
advance  of  the  first  parallel.  Light  pieces  for  high-angle  fire, 
Q.F.,  and  machine  guns,  wiU,  however,  be  largely  employed 
in  the  second  and  third  parallels,  and  the  demi-parallels,  to  drive 
the  garrison  out  of  the  covered  way ;  and  they  will  be  usually 
placed  in  the  prolongations  of  its  branches.  This  seems  a  very 
BuitaUe  place  for  the  travelling  shielded  mountings  described 
in  para.  470,  since  they  would  oe  proof  against  the  light  pro* 
jectiles  which  the  defence  would  continue  to  employ. 

If  there  be  an  active  and  resolute  garrison,  the  besieger's 
working  parties  Vill  be  harassed  by  fire  and  small  sorties  more 
and  more  as  they  get  nearer  to  the  place.  It  is  necessary,  there- 
fore, that  the  third  parallel,  even  more  than  those  behind  it, 
should  be  got  ready  lor  meeting  the  enemy  in  the  same  fashion : 
its  crest  should  be  furnished  with  sandbag,  or  other  loopholes, 
and  steps  should  be  made  at  frequent  intervals  to  allow  the 
guard  to  advance  from  it. 


Biffiooliiei 
of  the  close 
attack. 


How  to  be 
orercome. 


The  Close  Attack. 

14iT.  Beyond  the  third  parallel  the  besieger  passes  on  to 
ground  which  has  been  specially  prepared  to  favour  the  defence, 
where  he  has  special  obstacles  to  overcome.  The  true  difficulties 
of  a  siege  in  former  days  used  to  begin  at  this  stage,  when  the 
weapons  of  the  besieged  first  became  really  effective ;  and  rifled 
arms  now  give  to  the  defence  far  better  means  than  formerly  of 
opposing*  each  step  of  the  attack — the  progress  of  the  sap,  the 
passage  of  the  ditch,  and  the  lodgment  upon  the  breach.  But, 
Oil  ihe  other  hand,  they  eive  the  attack  far  better  means  of  sup- 
porting its  advance,  while  it  is  only  with  such  support  that  the 
advance  becomes  in  any  way  possible.  Besiegers,  therefore,  are 
now  compelled  before  they  come  to  this  stage  to  do  their  utmost 
to  break  down  and  suppress  the  fire  of  the  place  by  their  own 
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superior  fire;  until  thejr  have  nearly  accompliahed  this  they 
cannot  approach  cl()se  to  the  fortress;  and  when  they  have 
accomplisnedit,  the  demoralised  state  of  the  garrison,  exhausted 
by  their  own  efforts,  crushed  by  an  overwhelming  fire,  and 
without  any  hope  of  final  success,  will  often  of  itself  bring 
about  a  surrender.  Hence  the  great  majority  of  recent  sieges 
have  ended  lon^  before  the  besieger  had  reached  the  glacis; 
and,  in  spite  of  laws  making  it  a  capital  offence  for  a  governor 
to  capitulate  until  he  has  stood  at  least  one  assault  of  the  body 
of  the  place,  with  open  breaches,  we  must  go  back  beyond  the 
days  of  rifled  arms  to  find  instances  of  such  assaults.  It  has 
even  been  said  that  the  fire  at  the  nearer  ranges  "  is  now  so 
annihilating  and  decisive,  that  the  principal  work  is  done  when 
we  arrive  within  800  paces,  and  the  decisive  result  will  not  be 
very  long  delayed  when  that  point  is  reached."*  Experience 
has  yet  to  show  whether  this  is  true  of  fortresses  of  modem 
construction ;  with  escarps  and  flanking  casemates  well  covered 
from  curved  fire ;  with  guns  protected  by  iron  or  mounted  on 
disappearing  carriages,  and  in  concealed  emplacements;  and 
with  a  well  developed  system  of  countermines.  We  have 
hitherto  had  no  ^xamples  of  the  attack  of  such  works. 

748.  The  first  operation  of  the  close  attack  is  to  drive  the  downing  of 
enemy  out  of  the  covered  way,  if  there  be  one,  and  to  form  a  *^^®  ooYercd 
lodgment   on   the  crest   of  flie   glacis.     Thid  is  termed  the      ^' 
crowning  of  the  cornered  way.   If  the  glacis  is  known  to  be  counter- 
mined,  a  mine  attack  must  first   be  undertaken   before  the 
besiegers  can  venture  to  crown  the  covered  way ;  the  mode  of 
proceeding  in  that  case  will  be  described  later  (Chapter  VII). 
When  there  are  no  countermines,  as  would  be  the  case  with 
rock-cut  ditches,  the  covered  way  may  be  crowned  either  by 
systematic  approach,  with  the  sap,  or  by  assault,  with  flying 
trench  work.     The  former  is  the  mode  always  to  be  preferred, 
if  the  garrison  is  good,  and  if  time  will  admit  of  it. 

Up  to  the  third  parallel,  the  approaches  are  ordinarily  by  Bj  syBtemfttic 
zigzags,  as  already  mentioned.     But  in  proportion  as  they  get  »PP«>a«^- 
nearer  to  the  fortress  the  zigzags  become  more  and  more  acute, 
in   order    that    they  may  escape  enfilade,  and  the  advance 
towards  the  front  effected  by  any  given  length  of  trench 
becomes  consequently  less.     When  this  advance  is  less  than 
one-third  of  the  length  of  the  trench,  or,  in  other  words,  when 
the  angles  of  the  zigzags  are  reduced  below  ^40°,  it  is  usually 
better  to  exchange  this  mode  of  approach  for  that  of  direct 
advance  by  traversed  sap.    In  the  latter,   frequent  traverses  TnTersed 
prevent    the    enemy    from    enfilading    the    trench,   which    is  ■•?•  '^ 

further  covered  by  a  parapet  on  one  or  both  sides,  according 
as  it  is  exposed  to  the  enemy's  fire.  Traversed  sap  is  chiefl  j 
employed  for  approaches  beyond  the  third  parallel,  but  it 
may  sometimes  be  necessary  to  make  use  of  it  much  earlier, 
when  the  choice  of  ground  is  limited,  and  the  attack  is 
directed  upon  a  widely  extended  front.    On  the  other  hand. 


^1 


•Kraft,  Prince  of  Hpheplohe-Ingelflngen,  "  On  Sieges,"  R.E.  Professional  Papers, 
Vol.  XXI, 
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the  crest  of 
the  glacis. 
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round  a  fort. 


Breaching 
tiie  escarp. 


the  uatrav^ed,  or  ordiniury  sap,  will  ooniioiue  to  be  used  to 
flome  extent  for  approaches^  as  well  as  for  parallels,  in  tbe 
dose  attack. 

If^  for  instance,  the  third  parallel  makes  a  re-entering 
angle  upon  the  capital  of  the  work  to  be  attacked,  this  angle 
may  be  conveniently  cut  oflF  by  a  cnrved  single  sap,  termed  the 
circular  portion,  which  can  be  simultaneously  begun  from  both 
ends.  From  this,  or  otherwise  from  the  parallel  itself,  the 
traversed  nap  will  be  pushed  forward  oil  the  capital,  until 
within  about  forty  yards  of  the  saUents  of  the  covered  way. 
Before  caiTying  it  further,  single  saps  are  made  to  the  right 
and  left,  forming  demi-paraliels  to  receive  detachments  of  the 
guard  of  the  trenches,  and  to  aiford  suitable  positions  for  some 
small  mortars  or  howitzers.  These  demi-parallels  may  some^ 
times  be  extended  to  form  e^  fourth  paralUL 

When  the  traversed  sap  arrives  within  6  or  7  yards  of  the 
crest  of  the  glacis,  it  is  carried  along  on  either  side  jof  the 
capital,  parallel  to  the  crest,  to  form  the  lodgment,  which 
would  extend  on  either  side  past  the  front  of  the  fort  attacked. 
It  will  serve  for  the  gallery  of  descent  into  the  ditch,  and  for 
infantry  to  fire  upon  the  brea^ch ;  and  it  may  often  be  carried 
fui'ther,  to  connect  with  other  lodgments. 

Plate  CLV  illustrates  the  operation  of  crowning  the  covered 
way  by  the  example  of  Strassburg  in  1870* 

748.  Having  established  himself  on  the  glacis,  or  even  at 
an  earlier  stage  of  the  attack  if  circumstances  are  favourable, 
the  besieger  has  to  consider  whether  he  must  advance  straight 
across  the  ditch,  or  whether  he  can  isolate  the  fort  by  sapping 
round  it^  and  so  causing  its  surrender.  The  latter  opemtion 
can  only  be  carried  out  if  the  gan-ison  is  not  very  energetic, 
and  if  the  fire  of  any  outlying  works  near  the  fort  has  been 
thoroughly  subdued.  If  it  be  decided  upon,  the  sap  should 
be  can-ied  past  the  flanks  of  the  fort  far  enough  to  command 
the  entrance  and  approaches,  and  thus  to  cut  off  suppUes  and 
reinforcements,  when  the  fort  .must  soon  suirenaer.  The 
operation  may  be  hastened  by  an  attack  on  the  gorge.  At 
the  siege  of  Paris,  in  1871,  during  the  suppression  of  the 
Commune,  the  troops  carried  a  trench  through  the  Park  of 
Issy  (see  PI.  CL  VII),  between  the  fort  and  the  town,  and  sapped 
up  from  it  against  the  north  salient.  Before  they  reached  the 
cpvered  wav,  However,  the  fort  was  evacuated,  the  garrison 
fearing  to  be  cut  off.  The  ti*ench  afterwards  served  as  an 
approach  against  the  enceinte. 

750.  If  this  course  be  impracticable,  the  besieger  has  to 
d^cdnd  into,and  cross,  the  ditch,  and  at  the  same  time,  if  the  work 
a:ttacked  has  an  escarp  wall,  to  open  a  practicable  breach  in  it. 

Breaches  would  not  usually  be  formed  till  the  advaiQcei^ 
works  of  the  attack  were  approaching  the  crest  of  the  glacis 
in  the  operation  technically  called  "crowning  the  covered 
way."  The  breaches  will  usually  be  made,  as  already  men- 
tioned, from  batteries  of  the  second  artill^]cy  position,  and  the 
pieces  employed  will  preferably  be  heavy  howitzers. 

The  breach  shoula  be  from  20  to  40  yards  wide,  according 
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to  the  steepness  admissible  for  the  road  up  it ;  and  that  it  may- 
be practicable,  the  wall  must  be  cut  down  to  something  under 
half  its  height,  if  a  revetment,  or  to  within  3  feet  or  so  of  the 
gi'ound  if  a  detached  wall. 

Breaching  is  now  effected  by  the  system  of  "  demolition," 
by  which  is  xmderstood  the  destruction  of  a  revetment  bv 
means  of  projectiles  distributed  over  that  portion  of  the  wall 
which  it  is  intended  should  be  destroyed. 

Experiments  have  shown  that  a  striking  velocity  of  at  least 
400  feet  per  second  is  i-equired  from  common  shell  fired  from 
our  howitzers  to  breach  concrete  or  masonry.  This  velocity  is 
possessed  by  the  8-inch  and  6'6-incli  hov/itzers,  with  the 
smallest  charges  used. 

By  directing  breaching  fire  at  an  angle  oblique  to  the  face 
of  the  wall,  the  angle  of  descent  to  strike  at  any  given  level  is 
lessened,  and  consequently  the  striking  velocity  increased. 
For  the  maximum  effect,  however,  there  are  limits  to  the 
amotmt  of  obliquity.  With  the  6'3-inch  howitzer  an  angle 
(horizontal)  of  60^^  with  the  face  of  the  wall,  with  the  6' 6-inch 
howitzer  an  angle  of  45°  (at  this  angle  the  shell  is  liable  to 
glance),  with  the  8-inch  howitzer  an  angle  of  between  40°  and 
45®  is  considered  the  limit  which  should  not  be  exceeded. 

761«  With  these  data,  and  with  the  range  ta.bles  given  in  the 
Siege  Artillery  Drill,  it  is  possible  to  detennine  the  best,  position 
for  breaching  batteries  and  the  limiting  distance  from  the 
place  within  which  they  must  not  be  brought. 

•  For  example :  there  are  forts  abroad  which  are  built  so 
that  an  angle  of  descent  of  1  in  3  is  required  for  a  shot  fired 
perpendicularly  to  the  front,  and  just  clearing  the  crest  of  the 
glacis,  to  strike  the  escaip  at  the  centre  of  its  height. 

Now,  tan""*^  =  18°  27',  and  looking  at  the  range  table  for 
the  8-inch  R.M.L.  howitzer,  we  get  the  following  particulars : — 


Mode  of 
formiog  the 
breach. 


Position  of 

breoohing 

batteries. 


Against 

reyetment 

walls. 


Angle 

Charge. 

Range. 

Remaining 
Velocity. 

60  %  should  full  within 

of  Decent 

breadth. 

height. 

is*  27' 
18°  27' 
18°  27' 

lbs. 
8i 

5| 

yards. 
1,250 
1,604 
1,966 

f.s. 
487 
604 
566 

yards. 
1-58 
1*85 
1-49 

yards. 
7-  6 
4  15 
5-65 

The  velocities  are  all  sufficient  for  breaching,  being  over 
400  ft.-sec.,  though  the  higher  they  are  the  better.  Accuracy, 
therefore,  is  the  most  essential  point  to  look  to.  The  greatest 
accuracy  is  seen  to  be  attained  when  the  gun  is  at  a  range  of 
not  less  than  1,604  yards.  It  cannot  be  nearer  than  1,250 
yards,  unless  the  conditions  are  altered  by  fii-st  cutting  down 
the  glacis  or  by  firing  obliquely,  so  as  to  lessen  the  angle  of 
descent  necessary* 

Taking  the  case  of  detached  walls,  forts  will  be  found  Against 
ligainst  which  ij;  is  necessary  to  drop  shot  at  an  angle  of  ^,  or  detached 
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40^  in  order  to  strike  the  wall  3  feet  above  its  base.  This 
angle  is  too  great  for  the  8*inch  howitzer ;  the  6"6-inch  must 
be  used,  which  would  be  powerful  enough  for  this  work. 
Taking  the  lowest  charge  of  2  lbs.,  it  appears  that  it  is  neces- 
sary to  go  to  a  distance  of  at  least  2,075  yards,  when  the 
accuracy,  though  not  very  great,  is  better  than  with  larger 
charges  at  longer  ranges.  This  is  a  case  in  which  it  would  be 
most  desirable  to  use  oblique  fire. 

These  examples  will  serve  to  show  that  a  broaching  battery 
cannot  be  put  down  anywhere  that  the  ground  happens  to  be 
favourable,  but  condderation  must  be  given  as  to  whether  the 
work  can  be  efficiently  done  from  the  f.dte  selected. 

Against    counterarched    revetments    oblique    fire    is    also 

specially  desirable    in  order  to  cut  through    the   cross  walls 

and  bring  down  the  arches. 

Breaching  The  introduction  of  long  shell  of  lar^e  capacity  has  rendered 

oountencarp«.  ^  ^^^^  f^^j.^  ^f  attack  possible.     It  consists  in  firing  at  the  orest 

of  the  glacis  until  that  and  the  top  of  the  counterscarp  is  cut 
down  and  blown  into  the  ditch,  over  a  sufficiently  large  extent. 
The  escarp  can  then  be  breached  at  flatter  angles  than  were 
befor.e  necessary.  It  would  probably  be  considerably  injured 
during  the  preliminary  fire. 

This  metnod  also  supersedes  the  blowing  in  of  the  counter- 
scarp, which  would  otherwise  be  necessary  in  order  to  get  into 
the  ditch. 
Obserration  With  indirect  breaching  it  is  very  important  to  get  direct 

of  effect  of      observation  ot  the  eflFect,  so  as  to  correct  the  shooting.    On  this 
"^  account,  and  also  in  order  that  the  defenders  may  not  have  time 

to  scarp  or  mine  the  breach,  it  is  desirable  that  it  should  not  be 
undertaken  systematically  until  the  besiegers  have  made  their 
lodgment  on  the  glacis,  and  are  nearly  ready  for  the  passage 
of  the  ditch;  except  where  it  is  meant  to  produce  a  moral 
impression  on  a  faint-hearted  garrison,  and  give  excuse  for 
an  early  surrender.  The  observers,  posted  on  the  flanks  of  the 
lodgment,  or  in  counterscarp  galleries  if  they  are  available, 
will  be  connected  with  the  batteries  by  a  line  of  telegraph  or 
telephone. 

The  breaching  of  the  escarp  of  Lunette  53  at  Strassburg  (see 
PL  CL  V),  was  observed  from  tne  counterscarp  by  men  posted  at 
the  entrances  to  some  countermine  galleries,  which  bad  been 
occupied  by  the  besiegers.  The  escarp  was  completely  hidden 
from  the  breaching  battery ;  the  range  was  870  yards,  the  an^le 
of  descent  7|°,  ana  the  horizontal  angle  of  the  fine  of  fire  with 
the  escarp,  55^  The  wall  was  15  feet  high.  A  practicable 
breach  30  yards  wide  was  made  by  1,000  rounds  from  the  short 
60-pounder  gun,  giving  33  rounds  per  yard. 
Exposed  With  old  fortresses  commanded  by  higher  ground,  there  will 
^■<*'^I^*  sometimes  be  opportunities  for  breaching  by  direct  fire  from 
distant  batteries;  and  this,  unless  the  range  is  very  great,  will 
give  greater  accuracy  and  penetration,  and  will  allow  of  the 
employment  of  the  most  powerful  guns  of  the  siege  train.  At 
Charleston,  in  1863,  Fort  Sumter  waa  breached  by  direct  fire  at 
ranges  over  two  miles.      .  ^ 
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752.  Mines  may  also  be  employed  to  breach  the   esoarp ;  Breaching  by 
but  their  progress  is  slow  and  uncertain  if  they  are  opposed  ™»"<^- 

by  tlie  besieged.  The  gallery  of  descent  into  the  ditcn  must 
usually  be  made  first,  and  any  flatikuig  fire  silenced.  If  there 
are  countennines  under  the  bottom  of  the  ditch,  Ihcy  must  be 
destroyed.  If  there  is  neither  roxik  nor  water,  shafts  may  be 
sunk,  and  galleries  carried  under  the  foundation  of  the  escarp, 
and  then  inclined  upwards  to  the  proper  position  for  the  mine 
chambers.  Or,  instead  of  this,  the  ditcn  may  be  crossed  by  sap, 
flying  or  regiJar,  a  gallery  driven  through  the  wall,  and  charges 
lodged  behind  it. 

It  will  generally  be  quicker  to  pass  under  or  through  the 
escarp  at  two  points,  than  to  drive  galleries  right  and  lett  from 
one  passage. 

753.  Before  crossing  the  ditch,  the  flanking  defences  should  Destruction 
bo  silenced  or  destroyed.  of  flanking 

Counterscarp  galleries  may  be  mined  into  from  the  back  and 
blown  in.  They  might  also  be  attacked  with  long  shell,  in 
the  manner  given  in  para.  751,  for  breaching  a  counterscarp, 
unless  they  were  very  strongly  built  or  deeply  buried.  In  the 
latter  case,  the  loopholes  woidd  probably  be  near  the  level  of 
the  bottom  of  the  ditch,  and  would  very  likely  be  hidden  by 
the  debris  from  above. 

A  caponier  might  be  mined  under  and  blown  up ;  or  it 
might  be  smothered  by  having  the  counterscarp  blown  in  upon 
it ;  or  the  end  wall  might  be  blown  in,  either  by  carrying  a 
blinded  sap  against  it,  or  by  lodging  a  charge  in  the^  open.  It 
would  usually  be  difficult  to  breach,  as  special  pains  would  be 
taken  to  cover  it,  unless  the  counterscarp  were  first  reduced  in 
height  by  one  of  the  methods  mentioned  above,  or  unless  the 
fort  were  so  far  enveloped  that  a  battery  could  be  constructed 
to  fire  down  the  ditch. 

754.  The  gallery  for  descent  into  the  ditch  from  the  lodg-  Deacent  into 
ment  on  the  glacis  is  usually  a  mined  gallery  6  feet  8  inches  ^^^  d^*^®^- 
wide   and   6  feet  6  inches  high,   termed  a  great  gallery  (see 

para.  871).  The  gallery  of  descent  should  meet  the  face  of 
the  counterscarp  of  a  wet  ditch  1  foot  above  the  highest 
water  level ;  and  that  of  a  dry  ditch  at  least  4  feet  below  the 
bottom,  if  the  ditch  is  to  be  sapped  across.  Its  slope  should 
not  be  steeper  than  one  in  four;  and  it  may  be  necessary, 
therefore,  with  very  deep  ditches,  to  make  the  entrance  to  the 
^llery  in  a  special  trench  in  rear  of  the  lodgment,  instead  of 
m  the  lodgment  itself.  It  should  be  placed  nearly  opposite  to 
one  end  of  the  breach ;  according  to  the  intended  position  oi 
the  0ap  across  the  ditch. 

As  soon  as  the  breach  is  practicable,  and  the  galleiy  of  Breaking 
descent  is  completed,  the  coimterscarp  wall  may  be   broken  ^^^'O'Jg^  **^« 
through  by  a  small  charge  of  gun-cotton.  ^^^  "oarp. 

Sometimes,  instead  of  a  great  gallery  of  descent,  a  common  Blowing 
mine  gallery  is  driven  to  the  back  of  the  counterscarp  wall,  and  ©o^i^toncarp. 
charges  ai*e  lodged  there  at  suitable  intervals,  to  blow  in  the 
counterscarp^  so  forming  a  practicable  slope,  down  which  a  sap 
may  be  carried  from  the  lodgment,  or  an  assault  delivered. 
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PftsMge  of  766,  When  the  ditch  is  dry,  a  pasAage  across  it  can  be  made 

fcheditoh.        |^y  g^^p  ^yithout  much  difficulty,  even  if  the  flanks  have  not 

been  silenced,  if  the  besieged  are  prevented  from  occupying 
the  top  of  the  breach  by  fire  from  the  lodgment  opposite. 
Wet  ditoh.  If  the  ditch  is  wet  the  passage  is  slow  and  difficult,  espe- 

cially if  there  is  any  strong  current ;  and  if  the  garrison  have 
command  of  the  water  by  dams  and  sluices,  and  are  able  to 
vary  its  level  and  the  force  of  its  current,  the  difficulties  become 
very  great.  In  such  cases  every  effort  must  be  made  to  breach 
the  sluices  by  indirect  fire.  With  shallow  stagnant  ditches, 
solid  dams  or  causeways  may  be  made  for  the  passage,  com- 
posed of  fascines,  weighted  with  stones,  with  a  parapet  of 
Sabions  and  sandbags  on  the  exposed  side.  To  guard  against 
owitzer  fire  it  may  be  necessary  to  raise  a  parapet  on  each 
side  and  blind  the  roadway. 

It  will  be  very  difficult  to  prevent  the  ganison  from  keeping 
up  a  fire  on  a  wet  ditch'&om  a  distance.  The  relief  of  the 
works  is  usually  slight,  and  would  not  interfere  with  it. 

Where  it  is  necessary  to  leave  a  waterway  for  the  current, 
the  causeway  may  be  partly  formed  with  gabions,  having  their 
axis  in  the  direction  of  the  current ;  or  floating  bridges  uf  casks 
or  fascines  may  be  used.  In  the  latter  case,  there  should  be 
two  bridges,  one  to  carry  the  roadway,  and  one  to  carry  the 
parapet  on  the  exposed  flank;  and  there  should  be  separate 
galleries  of  descent  for  them. 

Stnmburg.  1°  ^^^  attack  on  the  advanced  lunettes  at  Strassbarg  in  1B70 

(^  PL  CLV),  the  revetted  counterscaq}  of  Lunette  53  was  blown  in 
for  a  length  of  12  feet  by  two  mines,  and  a  dam  of  earth  and 
fascines  was  made  across  the  ditch,  covered  by  a  screen  of  sand* 
ba£»  in  front  and  on  the  left  side.  Lunette  52  was  unrevetted, 
and  its  ditch  was  more  than  60  yards  wide,  and  6  to  9  feet 
deep,  with  a  large  cunette.  A  fascine  dam  across  this  would  have 
required  con0iderHble  time,  so  it  was  determined  to  effect  the 
passage  by  a  cask  bridge,  for  which  the  casks  were  furnished  by 
Dreweries  near  at  hand.  A  blinded  gallery  having  been  made 
from  the  lodgment  to  the  covered  wav  immediately  in  front  of 
one  of  the  traverses,  the  formation  of  the  bridge  was  begun  at 
nightfalL  A  pioneer  swam  across  the  ditch  with  a  line,  hauled 
over  a  cable,  and  made  it  fast  to  the  hedge  on  the.berm.  Four 
men  were  stationed  in  the  water,  close  to  the  covered  way,  the 
casks  were  rolled  down  to  them  one  after  the  other,  and  fitted 
with  saddles,  so  as  to  form  piers,  each  of  two  casks,  placed  end  to 
end  ;  these  piers  were  successively  boomed  out  alonff  the  line  of 
the  cable,  and  connected  together  by  baulks,  on  which  the  planks 
of  the  roadway  were  laid  as  the  bridg:e  advanced.  Sixteen  piers 
were  required.  In  two  hours  the  bridge  was  finished,  ana  the 
lunette  was  entered,  and  found  to  have  been  abandoned  by  the 
garrison,  as  had  been  the  case  also  with  Lunette  53.  Owing  to  the 
darkness  of  the  night,  the  work  had  not  been  discovered  by  the 
besieged,  and  the  formation  of  lodgments  inside  the  lunette  was 
already  begun,  when  the  noise  made  by  some  troops  in  passing  the 
bridge  attracted  attention,  and  drew  a  fire  which  cost  the  besie^rs 
about  50  men.  A  dam  was  afterwards  substituted  for  the  bridge, 
as  it  was  repeatedly  struck  by  shells,  and  formed  a  precarious 
means  of  communication.  It  had  no  parapet,  but  a  plank  screen 
was  set  up,  which  though  not  bullet-proof,  concealed  men  passing 
beliind  it.* 

t  1^0$  Boyal  Bngineen*  FrofoMdoiua  Papers,  YoL  XIX. 


i 


Opfj.  ji^oLQe  Z02 


JinW*  €•  LM.UU.  «3,C«rt«r  Unt.  ^7.  '0.92 


ATTACK  OF  FORTRESSES.  203 

766.  Where  a  work  is  not  abandoned  by  the  garrison,  Occupation  of 
poasession  of  the  breach  must  be  gained  either  gradually,  or  by  ****  breach, 
sudden  assault.    In  the  latter  caae,  the  aiTangements  will  be  BjraiBault. 
such.as.have  been  already  described  for  the  assault  of  a  work. 
A  very  heavy  fire  of  shell  and  shrapnel  will  be  directed  on  the 
work  up  to  the  moment  of  assault,  which  can  be  done  by  means 
of  curved  fire  from  howtzerfl.     This  will  make  it  difiicult  for  the 
besieged  to  remain  in  any  force  near  the  breach.     The  electric 
light  may  be  used  to  prevent  the  construction  of  retrenchments 
at  night. 

**  Storming  of  the  breach  will  be  very  seldom  necessary  if 
the  work  is  demolished  in  a  proper  way — bombarded  from  both 
artillery  positions,  and  a  hail  of  shi*apnel  and  shell  fire  kept  up 
— because  there  will  be  no  enemy  close  behind  it."* 

At  Strassburg,  the  coancil  of  defence  decided  to  surrender 
without  standing  an  assault,  when  the  enceinte  was  breached,  on 
the  ground  that  the  ramparts  and  the  road  behind  them  were 
overwhelmed  with  projectiles  fired  with  an  accuracy  hitherto 
unexpected,  and  therefore  ail  troops  there  assembled  for  repelling 
the  assault  must  have  been  killed  before  the  commencement  of 
the  struggle. 

But  with  a  garrison  which  is  not  thoroughly  crushed,  and 
is  still  somewhat  protected  by  works,  the  besiegers  cannot 
reckon  on  establishing  themselves  unopposed.  The  breach 
may  be  mined  and  obstructed  (though  the  preliminary  artillery 
fire  will  do  much  to  remove  the  obstructions,  and  to  explode 
shallow  mines) ;  the  stormers  may  have  to  mount  it  under 
fire ;  and  inside,  they  may  find  themselves  checked  by  a  keep 
or  Tetrenchment,  and  pressed  by  coimter  attacks.  The  forma- 
tion of  a  lodgment  at  the  top  of  the  breach  may  bo  all  that  is 
immediately  possible ;  and  the  exposure  of  large  bodies  of  men 
may  not  be  necessary  for  this  purpose. 

In  such  cases,  therefore,  the  gradual  occupation  of  the  breach  (Gradual 
may  be  attempted,  the  sap  being  carried  up  the  slope,  and  along  <x»»J»<^on. 
the  crest  of  the  breach  by  a  few  sappers,  who  are  protected  by 
the  fire  from  the  lodgment  on  the  glacis,  and  who  retire  on 
the  approach  of  the  enemy.  The  lodgment  on  the  breach  is 
occupied  by  a  small  detachment  as  soon  as  it  is  ready,  and  then 
extended  across  the  terreplein  or  into  the  parapets  on  either 
side.  This  operation  ^vill  make  slow  progress,  however,  if  per- 
sistently opposed,  and  may  have  to  bo  combined  with  partial 
assaults. 

Plate  CLV  of  the  attack  on  the  advanced  lunettes  at 
Strassburg,  illustrates  the  constniction  of  lodgments  in  a 
captured  work. 

757.  The  mode  of  attacking  the  keep  or  retrenchment,  if  Attack  of 
there  is  one,  must  depend  on  its  nature  and  condition.     It  may  J^^nohment. 
have  been  already  breached    by  indirect  fire,  or  may  admit 
of   being  carried  by  assault;    or  mining    may  have    to    be 
resorted  to. 


•  Kraft,  Prince  of  ^ohenlohe-IngeWngen  "  On  Sieges."    B.  E.  Prof.  Papers, 
Vol.  XXI, 
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Attack  on  a 
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pUeo  without 
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758.  Of  the  several  stages  of  the  systematic  attack  which 
have  now  been  described,  one  or  more  may  have  to  be  repeated, 
perhaps  more  than  once,  before  the  besiegers  find  themselves 
inside  the  enceinte  of  a  fortresa  At  the  same  time,  it  must  be 
remembered  that  the  number  of  works  to  be  taken  is  a  verv 
imperfect  measure  of  the  difficulty  of  a  siege.  The  strength 
of  a  place  lies  mainly  in  the  spirit  and  endurance  of  its  garrison, 
and  to  break  this  down  is  the  chief  task  of  the  besieger.  A 
single  work,  well  held,  may  cost  the  besieger  more,  both  in 
men  and  time,  than  a  series  of  works  weakly  defended. 

In  most  cases  it  is  probable  that  the  fighting  for  the 
ground  in  front  of  the  fii-st  parallel  Avill  be  of  a  very  protracted 
nature,  owing  to  the  power  the  garrison  have  of  building  fresh 
works,  and  of  bringing  guns  to  bear  from  concealed  positions. 
When  this  has  been  decided  in  favour  of  the  besieger  he  will 
find  his  further  task  much  easier. 

It  is  unlikely  that  every  stage  of  the  attack  as  just 
described  will  ever  be  can-ied  out  against  any  particulax* 
fortress.  The  form  of  the  ground,  the  nature  of  the  works, 
and  the  relative  skill  and  energy  of  the  besiegers  and  defendera 
will  enable  some  operations  to  be  hui'ried  over  or  omitted, 
while  others  will  be  prolonged;  but  it  is  impossible  to  say, 
beforehand,  which  these  will  be.  It  is  consequently  necessary 
to  be  prepared  with  a  knowledge  of  all  of  them. 

It  will  be  no  longer  possible  to  lay  down  schemes  of  attack 
against  a  place  beforehand,  marking  each  day's  work  in  advance, 
as  used  to  be  done  in  the  time  of  bastioned  enceintes  and 
smooth-bore  guns.  The  operations  are  now  rather  those  of  a 
battle  prolonged.  The  general  direction  of  the  attack  may  be 
laid  down,  and  the  objects  to  be  sained  pointed  out  to  the 
troops,  but  the  actual  operations  will  depend  too  much  on  the 
movements  of  the  enemy  to  be  predicted  with  any  certainty. 

Formal  attacks  may  be  looked  upon  as  diagrams,  like  the 
attack  formations  in  the  drill  book ;  useful  to  give  precision  to 
one's  ideas,  but  certain  never  to  be  actually  realised. 

759.  The  operations  just  described  are  those  required 
against  a  large  fortress  surrounded  with  detached  works. 
Against  a  smaller  place  they  will  be  similar,  but  not  on  such 
an  extensive  scale ;  for  in  a  place  of  smaller  radius  it  will  not 
be  necessary  to  open  a  gap  of  such  dimensions  in  order  to 
avoid  being  outflanked.  Moreover,  the  resources  of  a  smaller 
place  will  be  less  than  those  of  a  large  one ;  so  many  guns 
cannot  be  brought  to  bear  on  the  attack,  and  there  are  not  the 
same  facilities  for  throwing  up  fresh  batteries.  It  will  con- 
sequently be  easier  to  crush  the  artillery  defence,  and  then  the 
works  of  approach  can  go  on  rapidly.  It  may  even  be  possible 
to  get  in  near  enough  to  try  the  effect  of  a  bombardment  on 
the  town  before  any  of  the  forts  are  taken. 

Against  a  small  place  without  outworks  the  attack  may  be 
considerably  shortened.  The  guns  of  the  first  artillery  position 
can  be  brought  to  bear  upon  it  from  all  sides,  so  as  to  counter- 
batter,  enfilade,  and  take  m  reverse  at  once  the  faces  intended 
to  bo  operated  against.  .  The  approaches  will  be  carried  through 
rapidly. 
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If  an  old  place,  it  may  either  be  bombarded  into  sub- 
mission or  stormed.  The  sieee  of  Thionville  in  1870  (see 
Appendix  I)  is  an  example  of  tne  former  operation,  and  it  also 
shows  the  way  in  which  the  batteries  should  be  placed. 

Against  a  new  work,  such  as  a  barrier  fort  guarding  a 
defile,  it  is  probable  that  difficulties  may  occur  in  the  crossing 
of  the  ditch,  but  before  this  stage  is  reached  it  is  probable  that 
the  fort  will  be  completely  silenced,  and  its  usefulness  thus 
destroyed. 

Section  2. — Defence  of  Fortresses. 

760.  Considerations  as  to  the  defence  of  a  fortress  fall 
naturally  under  two  heads  : — 

-  (1)  What  should  be  done  before  the  place  is  attacked. 
(2)  How  the    various    operations    of  a  siege    should   be 
resisted. 

Under  the  first  heading  come  the  preparations  to  be  made  in 
time  of  peace,  as  well  as  those  to  be  canied  out  when  an  attack 
is  imminent. 

(1)   What  should  be  done  be/oi'e  the  place  is  attacked : — 

The  nature  of  many  of  these  preparations  has  been  indicated  PreMtrationi 
in  Chapter  IV  on  Permanent  Fortification,  but  it  is  advisable  to  '°'  defence, 
go  through  them  in  more  detail  with  special  reference  to  those 
portions  of  them  which  are  not  carried  out  in  a  permanent 
manner. 

76L  The  first  requirement,  as  laid  down  in  para.  370,  is  a  The  goyernor 
good  commandant,  possessing  at  once  energy  and  judgment,  J'  comman- 
tact  and  resolution,  quick  penetration,  and  a  thorough  know-        ' 
ledge  of  fortress  warfare.     Where  places  have  made  a  remark- 
able  defence,  it  has  generally  been  due  to  the   exceptional 
qualities  of  their  governors.* 

The  governor  is  often  appointed  only  upon  the  outbreak  of 
a  war :  but  it  is  always  of  great  advantage  that  he  should  have 
had  ample  time  to  make  himself  thoroughly  acquainted  with 
his  fortress,  and  the  country  round  it,  before  he  is  called  on  to 
defend  it. 

As  soon  as  a  state  of  siege  is  proclaimed,  which  will  at  all 
events  be  upon  the  near  approach  of  an  enemy,  the  governor 
becomes  an  absolute  dictator,  superseding  all  the  civil  authorities 
within  his  command.  Even  before  that  he  will  have  to  assume 
extraordinary  powers  in  order  to  complete  his  preparations.  A 
council  of  defence,  consisting  of  the  chief  of  his  staff,  the  com- 
manding officer  of  artillery,  the  commanding  engineer,  and  some 
of  the  senior  officers  of  the  garrison,  is  formed  as  a  consultative 
body,  to  be  called  together  when  the  governor  sees  fit ;  but  he 
is  not  bound  by  their  opinion,  and  the  whole  responsibility  for 
any  decision  rests  with  nim. 

*  #^.  Gibraltar,  Oolberg,  Belfort. 
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Caniagef. 


Ammunition* 


The  earliest  qnestions  to  be  considered  are  the  adequacy  of 
the  garrison,  the  armament,  and  the  provisions  and  stores,  for 
the  resistance  required. 

762.  The  calculation  of  a  ganison  to  resist  a  regular  siege 
18  given  in  Chapter  IV,  para.  517.  Against  less  determined  fprms 
of  attack  the  numbers  may  be  somewhat  reduced.  All  the 
figures,  both  for  the  guard  and  siege  garrisons,  should  be  care- 
fully worked  out  locally  for  each  fortress,  the  positions  of  the 
men  being  detailed  and  the  different  bodies  available  being  told 
off  to  the  various  sections  of  the  defence.  They  will  thus  learn 
to  know  their  work.  Moreover  their  requu-ements  in  the  way  of 
camping  groimd,  huts,  water  supply,  &c.,  can  be  definitely 
determined. 

The  nature  of  the  troops  available  will  vary  with  the  locality. 
Abroad  they  will  consist  of  regulars  assisted  by  local  leviea 
At  home  the  regular  troops  may  at  most  form  a  quarter  of  the 
garrison,  the  remainder  being  made  up  of  militia  and  volunteers. 
There  is  no  reason,  however,  why  such  troops  should  not  make 
an  excellent  defence,  as  they  could  thoroughly  get  up  before- 
hand the  work  they  would  have  to  do. 

The  active  or  passive  character  of  the  defence  will  depend 
on  the  nature  and  numbers  of  the  troops  available,  and  on  the 
strength  and  extent  of  the  works. 

763.  The  determination  of  the  armament  of  a  fortress  has 
also  been  given  in  Chapter  IV,  para.  516. 

-  Special  attention  snould  be  given  to  the  provision  of  a 
sufficient  number  of  machine  guns  and  of  light  howitzera  or 
mortars.  They  are  rather  liable  to  be  overlooked  in  favour  of 
the  larger  pieces,  but  their  utility  would  be  very  great.  In  a 
lar^e  place  it  might  even  be  possible  to  construct  mortars  and 
their  ammunition,  and  this  point  should  be  looked  into  to  see 
whether  anything  can  be  done  in  this  way  to  supplement 
deficiencies  if  the  emergency  should  arise. 

High  explosives,  such  as  gimcotton,  are  not  difficult  to 
manufacture,  and  this  might  be  undertaken  during  a  siege. 
These  explosives  would  be  useful  for  mines  as  well  as  for 
charging  shells. 

In  future  sieges  of  large  places  it  may  be  found  possible  to 
construct  such  weapons  as  the  Zalinski  pneumatic  gun,  in  wliich 
great  strength  is  not  required  (see  para.  359).  These  would  be 
very  accurate  and  effective  at  the  sliorter  ranges. 

A  large  reserve  of  carriages  will  be  required  (about  25  per 
cent.),  and  plenty  of  appliances  for  mounting  and  transporting 
ordnance. 

The  number  of  rounds  of  ammunition  to  be  maintained  in 
British  fortresses  abroad,  is  fixed  at  200  per  gun  for  the  guns  of 
land  fronts,  and  of  these  rounds,  45  per  cent,  are  common  shell, 
45  per  cent,  shrapnel  or  segment  shell,  and  10  per  cent,  casa 
The  number  that  it  would  be  necessary  to  provide  in  anticipation 
of  a  regular  siege  would  probably  vary  from  400  to  1,000, 
according  to  the  expected  duration  of  the  siege  and  the  im- 
portance of  the  particular  gun.  The  smaller  number  "would 
usually  suffice  for  a  British  fortress. 
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There  should  also  be  an  abundant  supply  of  quick-firing 
and  small-arm  ammunition,  and  hand-grenades,*  for  close 
fighting. 

764.  Calculations  should  be  made  of  the  engineer  materials  Engineer 
and  implements  required.     These  must  be  ready  in  store  or  stores, 
within  reach :  timber,  brashwood,  rails,  sandbags,  wire,  chevaux- 
de-frise,  intrenching  and  cutting  tools,  mining  tools  and  powder, 

and  electric  batteries  for  firing  mines,  telegraphic  and  lighting 
apparatus,  powerful  telescopes  for  observatories,  balloons,  if  the 
place  is  extensive  enough,  and  cannier  pigeons. 

765.  A  place  should  ordinarily  be  provisioned  for  at  least  six  ProTurioM, 
months,  or  even  for  a  year,  for  circumstances   may  raise  the  ***• 
numbers  of  the  troops  to  be  supported  to  far  more  than  was 
estimated,  and  much  of  the  food  may  be  damaged  or  destroyed 
during  the  siege.     The  inhabitants  are  required  to  provide  for 

their  own  wants,  but,  in  spite  of  all  precautions,  they  may  prove 
to  have  done  this  insuflBciently,  and  they  may  become  dependent 
upon  the  stores  of  the  ganison.f  An  ample  supply  of  good 
water  must  above  all  things  be  secured ;  also  forage  for  horses 
and  cattle,  straw  for  bedding,  medical  necessaries,  clothing,  and 
money. 

766.  The  interior  economy  of  the  town  would  have  to  be  Interior 
specialljr  organised  in  view  of  a  siege.    Those  of  the  inhabitants  ^J*^"^** 
who   fail  to   lay  in   provision,  or  would   otherwise   prove   a  ^      op    ©. 
hindrance  to  the  defence,  should  be  turned  out.    Those  who  are 

able  and  willing  to  assist  as  labourers,  or  artificers,  firemen,  or 
nurses  of  the  wounded,  would  be  enrolled  for  these  purposes. 
Workshops  would  be  required  for  the  repair  or  manufacture  of 
war  material.  On  account  of  the  risk  of  explosions  in  gas 
works,  some  other  means  of  lighting  the  town  would  generally 
have  to  be  provided ;  but  the  gas  may  be  required  for  balloons. 
All  meetings  of  the  inhabitants,  and  all  newspapers  published 
would  have  to  be  under  strict  control ;  the  temper  of  the  people 
to  be  closely  watched,  and  their  intercourse  with  the  troops 
limited,  if  their  influence  is  bad.  When  the  population  is 
foreign  and  hostile,  it  would  be  doubly  necessary  to  watch  them, 
and  to  take  measures  for  the  instant  suppression  of  a  rising.  In 
anticipation  of  a  bombardment  the  inhabitants  should  prepare 
themselves  bomb-proofs  in  the  basements  of  their  houses,  and 
make  arrangements  for  the  prompt  extinction  of  fires. 

The  utmost  stress  must  be  laid  upon  sanitary  precautions, 
for  disease  will  spread  rapidly  under  conditions  so  favourable  to 
it.  Ambulances  and  hospitals  must  be  most  carefully  organised, 
and  the  latter  will  be  placed  in  those  parts  of  the  town  that 
are  least  exposed  to  the  besieger's  fire ;  ff  possible,  in  casemated 
buildings. 

All  those  services  should  bo  carefully  considered  beforehand 
and  regulations  drawn  up  in  concert  with  the  civil  authorities 

*  The  land  serrice  hand-grenade  weighs  nearly  2  lbs.,  and  has  a  bursting  charge 
of  2  ozs.    It  can  be  thrown  bj  hand  about  84  yards. 

t  It  is  reckoned  that  the  rations  for  100  men  for  one  month,  including  fuel  for 
cooking,  will  occupy  about  6CX)  cubic  feet  of  storage.— Aide-Memoire  to  the  Military 
Sciences.  * 
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SO  that  tliey  may  be  put  into  execution  on  the  approach  of  the 
enemy  without  delay  or  confusion. 

Another  requirement  that  should  receive  attention  in  peace- 
time is  that  of  camping  grounds  for  the  troops,  together  with 
adequate  water  supply.  The  latter  is  a  point  of  the  greatest 
importance,  and  should  not  be  left  to  be  attended  to  at  the  last 
moment  if  there  is  likely  to  be  any  difficulty  about  it. 

The  organisation  oif  the  transport  necessary  to  carry  out 
these  services,  as  well  as  to  bring  materials  to  the  works  and  to 
move  guns  and  ammunition  to  the  front,  requires  the  most  care- 
ful  consideration,  or  the  greatest  confusion  will  result  from 
conflicting  demands.  In  order  that  this  may  be  efficiently  done, 
each  department,  civil  and  military,  and  each  arm  of  the  service, 
must  be  prepared  ssrith  a  statement  of  its  requirements,  and 
these  can  only  be  decided  by  means  of  a  fully  made  out  scheme 
of  defence. 
Befensire  767.  Assuming  that  the  permanent  works  of  the  place  are 

preparations,    complete  and  in  ^ood  order,  tnere  will  still  remain  much  to  be 

done  to  prepare  the  defences  for  a  siege. 

Most  of  the  following  services  have  been  already  mentioned 
in  Chapter  IV,  Section  4.  They  are  recapitulated  in  order  to 
give  a  more  complete  view  of  the  subject. 

They  should  all  be  carefully  considered  and  detailed,  and  the 
means  for  their  execution  as  far  as  possible  prepared  in  peace 
time. 

Very  little  consideration  will  show  what  an  enonnous 
amoimt  there  is  to  be  done,  and  how  likely  it  would  be  that 
putting  it  off  to  the  last  moment  would  lead  to  a  disaster. 

(1)  The  parapets  of  the  forts  should  be  prepared  for  rifle  fire, 
by  cutting  the  interior  slopes  down  steeply,  and  provid- 
ing filled  sandbags  for  loopholes:  and,  if  necessary, 
trenches  should  be  dug  in  rear  of  the  banquettes  to 
give  cover. 

Trenches  should  also  be  formed  to  give  secure  com- 
munication across  ground  exposed  to  fire,  as  for  in- 
stance, across  parades  in  the  forts. 

Platforms  for  guns  should  be  laid,  if  any  are  to  be 
mounted  in  the  forts. 
^2)  The  openings  of  casemates  may  be  wholly  or  partially 
built  up  with  timber  or  sand  bags,  or  protected  with 
steel  plates  so  as  to  keep  out  the  splinters  of  shells 
bursting  near  them. 

Additional  bomb-proof  or  spluiter-proof  cover  may 
be  built.  There  is  never  likely  to  be  too  much  of  it. 
If  there  are  any  insecure  magazines  they  must  bo 
either  strengthened,  or  emptied  and  the  powder  placed 
elsewhere. 

(3)  Obstacles,  especially  wire  entanglement,  should  be  put 

in  position  on  the  glacis  and  elsewhere. 

(4)  The  chief  intermediate  works  or  batteries  for  which  pro- 

jects have  been  prepared,  or  which  may  have  oeen 
partly  built  in  peace  time,  should  be  constructed  or 
completed  as  the  case  may  be. 
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Some  of  them,  intended  to  resist  the  works  of  a  siege, 
may  be  left  to  be  begun  when  the  enemy's  Hne  of 
attack  has  become  known. 
(5)  The  roads  inside  the  place  should  be  repaired  and  added 
to  if  necessary,  and  additional  bridges  built  over 
rivers. 

Light  railways  may  be  laid  down. 
(6^  Observatories  must  be  prepared,  usually  upon  church 
towers  or  other  high  Duildings,  from  which  the  best 
view  of  a  besieger's  position  is  to  be  had. 

Those  necessary  for  directing  the  artillery  fire  must 
also  be  completed  and  fitted  up. 

(7)  Any  additional  electrical  communications  that  are  re- 

quired should  be  laid,  and  arrangements  made  for 
visual  signalling. 

(8)  The  ground  in  front  must,  as  far  as  possible,  be  cleared 

of  all  that  would  afford  cover  to  the  besieger.  A  clear 
field  of  fire  up  to  5,000  yards'  range  is  to  be  striven  for; 
but  the  undulations  of  the  ground  itself,  as  well  as  the 
woods  and  villages  upon  it,  will  more  or  less  restrict 
this.  Within  about  a  mile  of  the  works  there  should 
be  nothing  to  give  cover  against  their  artillery  fire,  and 
within  hcuf-a-mile  nothing  to  give  cover  against  their 
rifle  fire.  There  are  often  suburbs  dangerously  near 
to  a  place,  the  destruction  of  which  will  be  postponed 
until  the  last  moment,  but  every  arrangement  must  be 
•  made  to  ensure  that  it  shall  then  be  done  in  time.  ^  It 
may  be  desirable  to  leave  some  of  this  cover  standing 
until  after  the  investment,  that  is,  in  case  it  has  been 
decided  to  attempt  to  hold  a  defensive  hne  in  advance 
of  the  line  of  forte. 

(9)  If  it  be  decided  to  hold  an  advance  line,  the  necessary 

works  must  be  thrown  up  and  the  localities  prepared 
for  defence. 

Such  posts  to  be  effectually  supported  by  the 
artillery  of  the  place,  should  not  be  more  than  about 
2,000  yards  to  the  front,  and  they  should  be  near 
enough  for  mutual  support,  so  as  to  form  extended 
outpost  positions.  They  will  be  especially  valuable 
where  they  see  ground  that  is  hidden  from  the  fortress; 
and  they  should  not  themselves  create  cover  for  the 
enemy,  when  he  shall  have  got  possession  of  them, 
which  he  would  otherwise  find  it  difficult  to  obtain. 
They  should  be  well  provided  with  blindages,  so  that 
the  troops  in  them  may  have  shelter  imder  the  artillery 
attack  to  which  they  are  likely  to  be  exposed. 

In  the  case  of  British  fortresses  the  defence  of  these 
advanced  positions  should  not  be  taken  up  unless  to 
gain  some  decided  advantage.  As  has  been  already 
pointed  out  in  Chapter  IV,  para.  365,  they  need  not  be 
considered  as  liable  to  an  attack  by  regular  siege. 
Consequently  pushing  the  batteries  of  attack  back 
to  a  long  distance  is  not  a  matter  of  vital  importance. 
(8250)  P 
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Moreover,  our  garriaonfi  are  seldom  likely  io  be  large 
enough  to  spare  men  to  bold  extended  lines. 

(10)  If  tbe  soil  is  suitable  for  mining,  the  materials  and  im- 

plements and  the  countermine  galleries  must  be  got 
ready. 

(11)  If  the  ditches  are  wet,  and  there  is  any  chance  of  their 

freezing,  boats  and  ice  saws  must  be  prepared,  to 
keep  open  a  cunette  at  all  events.  Inundations  may 
be  lormed,  if  there  are  sluices  giving  command  of 
water,  and  at  the  same  time  the  9luices  should  be 
thoroughly  secured  against  the  enemy's  attempts  to 
breach  them. 

(12)  Arrangements  must    be  made  for  the  demolition   of 

bridges,  viaducts,  or  tunnels  upon  lines  which  the 
besieger  would  make  use  of,  to  bring  up  his  trains  and 
si:ipplie&  The  demoUtion  must  be  on  such  a  scale  that 
it  will  take  a  long  time  to  repair  it ;  but  it  should  not 
be  actually  carried  out  until  the  last  moment. 

768.  The  above  duties  fall  upon  the  engineers.  Meanwhile, 
the  artillery  take  over  their  material,  and  distribute  it  through- 
out the  works,  and  organise  the  magazine  and  laboratoi-y  service. 
The  guard  armament  is  mounted  as  quickly  as  possible,  and 
ammunition  for  24  hours'  firing  is  brought  into  the  expense 
magazines.  As  soon  as  the  probable  front  of  attack  can  be 
fixed  upon,  as  may  usually  be  done,  either  from  general  con- 
ditions, or  from  the  observed  movements  of  the  enemy  after 
his  arrival,  the  guard  armament  should  be  reinforced,* and  all 
the  intermediate  batteries  armed  which  can  bear  on  him. 

769.  For  the  conduct  of  the  defence,  the  place  is  divided 
into  sections,  whose  limits  are  determined  by  the  form  of  the 
ground.  Each  section  forms  a  sepai*ate  command,  and^he 
troops  in  it  guard  both  the  forts  and  the  intervals  between  them. 

The  general  reserve  furnishes  the  guards  for  the  interior  of 
the  place,  and  reinforces  any  section  that  requires  it.  It  also 
forms  the  nucleus  for  sorties,  and  for  all  action  outside  of  the 
several  sections,  such  as  the  occupation  and  defence  of  advanced 
posts.  It  should  consist  therefore  of  the  best  troops  of  the 
garrison,  including  the  cavalry  and  field  batteries.  The  reserve 
may  form  the  gamson  of  the  central  place. 

770.  Before  the  investment,  to  prevent  surprise,  cavalry 
patrols  are  pushed  forward  several  miles  along  the  main  roads 
by  which  the  enemy  may  advance,  and  every  means  is  employed 
to  collect  news  of  his  movements. 

Up  to  the  last  moment  the  commissariat  endeavour  to  gather 
in  grain,  forage  and  cattle,  from  the  neighbom*hood,  to  make 
good  any  deficiency  of  provisions,  or  to  meet  the  dkily  con- 
sumption. 


(2)  How  the  Varioiu  Operations  of  a  Siege  should  be  JResiaied. 

Opposition  to        77L  As  soon  as  the  heads  of  the  columns  of  the  investing 
the  invest-       oorps  are  signalled,  the  cavalry  outposts  fall  back;  breaking  up 


DXFENOE  OF  FORTRESSES.  211 

the  roads  and  defitroying  the  bridges,  so  far  as  they  may  be  able, 
in  order  to  delay  the  enemy's  advance,  and  give  time  for  the 
final  preparations.  With  the  same  object,  if  there  are  defiles,  or 
£9tvom*able  positions  of  defence  upon  the  lines  of  approach,  they 
may  be  held  for  a  time  by  infantry,  but  without  engaging  large 
bodies  of  troops.  The  strength  and  direction  of  the  several 
columns  of  the  investing  corps  should  be  ascertained  as  nearly 
as  possible,  and  the  whole  force  of  the  garrison  should  be  held 
in  readiness  under  arms,  so  that  advantage  maybe  taken  of  any 
too  wide  dispersion  in  the  process  of  investment,  to  fall  upon 
isolated  fractions  and  defeat  them. 

If  no  such  opportunities  oflFer,  the  garrison  inB,j  at  all  events, 
by  a  bold  attitude,  and  a  good  use  of  their  artillery,  prevent 
the  enemy  from  closing  in  upon  the  place,  and  so  increase  the 
length  of  the  line  of  investment,  and  the  distance  at  which 
the  first  batteries  must  be  made,  and  forbid  any  close  recon- 
naissance. 

772*  As  soon  as  the  investment  is  completed,  the  modes  of  Meaiures  to 
attack  which  the  besieger  is  likely  to  employ  must  be  reviewed,  ^  adopted. 
with  the  help  of  all  the  indications  that  his  movements  may 
afford. 

If  the  place  is  ill-provisioned  in  proportion  to  the  number  of  A|;aiiiffc 
the  troops  and  of  the  population,  but  otherwise  well  prepared '^^^^^^^^^ 
for  defence,  he  may  be  expected  to  adopt  a  blockade,  which  will 
i^are  him  the  labour  and  loss  of  a  regular  siege,  and  will  need 
fewer  troops  to  carry  it  out.  In  such  a  case  the  garrison  must 
do  their  utmost^to  break  the  investment  line,  so  that  they  may 
be  able  to  get  rid  of  some  ot  the  surplus  mouths,  and  to  gather 
in  fresh  supplies.  They  will  generally  be  able  to  communicate 
witJi  friends  outside,  either  by  underground  telegraph  wires, 
balloons,  carrier  pigeons,  or  emissaries  passing  through  the  Unas 
at  night ;  or  by  boat,  in  the  case  of  a  coast  fortress,  as  oura 
usually  are  ;  and  a  convoy  of  provisions  may  be  brought  up  to 
meet  them,  or  a  relieving  army  may  combine  operations  with 
them.  But  any  such  attempt  should  be  made  early  in  the 
investment,  for  every  day  will  lessen  its  chances  of  success ;  the 
lines  will  grow  stronger,  and  reinforcements  for  the  investing 
corps  will  come  up. 

773.  Assault  or    surprise  must,  of  course,  in  any  case  be  Against 
guarded  against,  but  especially  if  the  weakness  of  the  garrison,  "^^^  o' 
or  of  their  works,  is  sucn  as  to  encourage  the  attempt..    If  out-  •'^™®' 
post  positions  ccmnot  be  held,  the  ground  beyond  the  forts  must 
Be  patrolled  at  night,  and  may  be  lighted  up,  as  soon  as  an 
alarm  is  given,  by  hght  balls  or  the  electric  light.    The  parapets 
and  caponiers  and  the  guns  of  the  guard  armament  are  instantly 
manned  hj  the  relief  on  dutv,  who  will  be  quickly  reinforced  by 
the  relief  in  support,  while  tLe  men  at  rest  will  be  assembled  to 
form  the,  reserve  of  the  section,  if  the  attack  promise?  to  be 
a  serious  one.     The  patrols  retire  upon  the  approach  of  the 
enemy,  to  leave  the  ground  clear  for  the  fire  from  the  ramparts. 
Field  guns  may  be  brought  up  to  fire  on  any  bodies  of  the 
enemy  that  may  be  distinguished.     The  general  reserve  is  held 
ready  to  attack  the  enemy  in  flank,  if  an  opportunity  offers. 
(8250)  P  2 
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774.  If  the   place  is  sisall   and  crowded,  a  bombardment' 
is  sure  to  be  tried.      The  fires  caused  by  it  must  be   extin- 
guished immediately  by  the  fire  parties,  before  they  have  time 
to  spread.    Each  shell  should  be  followed,  and  its  effect  ascer- 
tained. 

The  guns  of  the  fortress  will  do  what  they  can  to  silence  the 
bombardment  batteries,  but  as  the  latter  will  be  hidden  from 
view,  no  great  effect  can  be  expected  from  fire  against  them. 

775.  But  bombardment  may  be  chiefly  intended  to  harass 
the  garrison,  occupy  their  attention,  and  hinder  their  further 
arrangements  for  defence,  while  preparation^  are  going  forward . 
for  a  regular  or  an  *'  accelerated  "  siege.    A  constant  watch 
must  be  kept  upon  the  besieger's  movements,  from  the  obser- 
vatories, assisted  by  reconnaissances,  prisoners  and   spies,  to 
learn  where  he  has  placed  his  parks,  and  when  his  siege  trains 
have  arrived,  and  to  discover  any  batteries  he  may  be  building. . 
If  advanced  positions  are  held^  the  besieger  may  be  forced  to : 
construct  distant  batteries  (see  para.  724).     In  anv  case,  the 
vigilance  and  energy  of  the  garrison  should  deter  the  besieger 
from  attempting  to  open  his  first  parallel  until  he  has  established 
an  artillery  superiority. 

The  compjietion  and  arming  of  the  batteries  of  the  first 
artillery  position  should  be  hindered,  if  their  site  can  be  guessed ; 
and  by  this  means  the  arrangements  for  opening  fire  may  bo 
thrown  out,  and  batteries  intended  to  have  been  made  in  one 
night  on  exposed  ground  may  be  disclosed  to  view  unfinished 
in  the  morning.  But  the  chief  efforts  of  the  besieged  must  be 
directed  to  the  completion  of  their  own  armament,  so  that  they 
may  be  able  to  engage  the  siege  batteries  on  at  least  equal 
terms. 

776.  Everything  must  be  ready  for  a  prompt  reply  to  the 
first  shots  from  the  batteries  on  the  morning  of  opening  fire, 
that  they  may  not  be  able  to  get  their  range  undisturbed,  and 
to  cause  surprise  and  confusion  in  the  place.  By  the  help  of 
range-finders,  and  of  plans  or  sketches  with  figured  distances, 
and  from  their  own  knowledge  of  the  ground,  the  artillery  of 
the  fortress  ought  to  be  able  at  once  to  make  their  fire  effective. 
They  should  combine  to  crush  those  batteries  which  offer  the. 
best  mark,  and  leave  others  to  be  dealt  with  afterwards. 

The  course  of  the  artiUery  combat,  and  the  various  issues  it 
may  have,  have  been  already  described  (tee  para.  725  et  ««y.).  It 
may  be  decided  in  a  few  hours,  or  it  may  be  prolonged  indenniteljr. 
At  Sebastopol  the  siege  batteries  opened  nre  with  122  pieces  m 
October,  1854,  but  the  artillery  fire  of  the  place  was  not  thoroughly 
subdued  till  ten  months  later,  by  which  time  more  than  500. 
additional  pieces  had  been  mounted.  But  the  resources  of  the' 
besieged  in  this  case,  h(fOi  in  guns  and  gunners,  were  altogether 
exceptionaL 

If  the  besieger  has  rightly  estimated,  and  prepared  for,  the. 
work  he  has  taken  in  hand,  his  superiority  will  soon  begin  to 
show  itself;  visible  guns  will  be  dismounted,  and  additional  fire 
will  be  concentrated  upon  those  concealed  guns  whose  position 
has  in  any  way  been  determined. 
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777.  When  it  becomes  ievident  that  these  guns  must  in  their  ModifloatioM 
turn  be  silenced,  it  will  be  best  to  withdraw  them,  placing  them  Ornament, 
alongside  of  the  parapets  for  better  cover,  or  running  them 

down  into  or^-behmd  traverses;  and  to  prepare,  either  for  a 
renewal  of  the  combat,  or  at  all  events  for  the  maintenance  of 
such  a  fire  as  shall  prevent  any  rapid  pushing  forward  of  the 
siege  works.  This  fire  must  be  chiefly  indirect,  or  high-angle, 
in  order  that  the  guns  may  be  kept  out  of  sight. 

It  may  be  that  all  the  intended  batteries  of  the  defence 
on  the  fronts  attacked  have  not  been  completed  or  armed. 
This  may  either  be  because  the  attack  has  been  too  quick  for 
them,  or  that  there  was  a  doubt  against  what  pai*t  of  the  fortress 
the  siege  works  were  to  be  directed.  In  this  case  every  eflfort 
should  be  made  to  complete  the  armament,  so  as  to  fight  the 
artillerv  duel  over  again. 

If,  however,  the  power  of  the  attack  was  under-estimated, 
fresh  batteries  may  be  thrown  up  and  armed  wherever  suitable 
sites  can  be  found  for  them.  These  may  exist  further  back 
from  the  line  of  forts  than  it  was  judged  advisable  to  place 
the  gims  at  first.  The  fire  will  not  be  so  accumte,  but  that  is 
uua\'oidable.  The  existing  batteries  will  be  repaired  and 
strengthened.  Opportunities  for  this  will  offer  themselves,  for 
the  enemy's  fire  must  slacken  at  times. 

The  lighter  pieces  can  be  used  for  direct  fire,  being  run  into 
epaulments,  and  withdrawn  again  as  soon  as  the  siege  batteries 
begin  to  concentrate  upon  them,  and  being  shifted  from  place 
to  place. 

Guns  on  the  flanks  for  defence  against  assault  must,  of 
course,  remain  there,  but  they  may  oe  drawn  into  hollow 
traverses  close  at  hand. 

Traverees  must  be  repaired,  altered,  or  added,  as  may  be  Bepain  and 
found  necessary  to  give  cover  against  the  fire  of  the  besiegers,  additionB  to 
and  platforms  adapted  to  the  new  directions  whicb  may  be       ^o'^b. 
given  to  the  guns  to  oppose  that  fire. 

If  it  is  found  that  nanking  guns  are  unexpectedly  taken  in 
reverse,  they  should  be  covered  by  parados,  made  either  on  the 
terreplein  of  the  rampart,  or  in  the  mterior  of  the  work. 

As  the  true  point  of  attack  will  now  be  known,  it  may  Retrench- 
sometimes  be  desirable  to  throw  up  inner  lines  of  defences.  In  menu, 
this  case,  half-a-mile  or  more  in  rear  of  the  line,  a  fresh  line 
may  be  made  with  fieldworks  and  fortified  posts,  forming  a 
parallel  retrenchment  behind  the  forts  attacked,  with  its  flanks 
resting  upon  radial  retrenchments  drawn  from  collateral  forts  to 
the  central  place.     {See  PI.  CLVI). 

778.  "When  the  aitillery  fire  of  the  fortress  has  been  brought  Defence  of 
under,  and  its  support  can  no  longer  be  reckoned  on,  it  will  adranced 
become  doubtful  now  long  the  besieged  can  maintain  themselves  P®**** 

in  their  advanced  posts  in  front  of  the  line  of  forts  exposed  to 
the  fire  of  the  siege  batteries,  and  to  the  attack  of  very  superior 
numbers.  But  all  recent  experience  has  shown  the  difficulty 
of  dislodging  good  troops  from  well-constructed  fieldworks  by 
assault,  oven  with  the  help  of  a  powerful  artillery.  If  proper 
precautions  are  taken  to  guard  against  surprise,  and  the  posts 
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afford  each  other  good  support,  the  besieger  may,  at  all  events, 
be  held  in  check  for  some  time,  and  obUged  to  gain  ground 
cautiously  and  step  by  step. 

779.  Coimter-attack,  or  the  threat  of  it,  is  one  of  the  most 
effectual  means  in  the  defence  of  the  advanced  posts,  and  they 
should,  therefore,  be  so  fortified  as  not  to  hinder  it.  It  may  be 
used  to  meet  an  assault  at  the  moment  of  delivery,  to  turn 
a  repulse  into  a  rout,  or  to  recover  ground  that  has  been  already 
lost.  It  is  of  value  not  only  from  the  positive  results  obtained, 
but  from  the  inspiriting  influence  on  the  garrison  of  a  departure 
from  passive  defence,  and  from  the  caution  it  imposes  on  the 
enemy.  But  it  demands,  more  than  anything  else,  a  combina- 
tion of  judgment  and  vigom%  to  apply  and  carry  it  out  success- 
fully. It  may  take  the  form  of  sorties  in  force,  of  small  sorties^ 
or  of  mere  demonstrations.  With  strong  garrisons  of  good 
troops,  sorties  in  force  may  be  freely  made,  provided  they  are 
not  pushed  too  far,  but  with  garrisons  that  cannot  afford  large 
losses,  they  must  be  reserved  for  urgent  and  favourable 
occasions. 

780.  When  the  enemy  has  at  length  forced  the  defenders  to 
abandon  the  advanced  posts,  and  proceeded  to  open  his  first 
parallel  and,  perhaps  simultaneously,  to  construct  the  batteries 
of  the  second  artillery  position,  it  may  be  worth  while  for  the 
garrison  to  make  a  sortie  in  force  to  interrupt  the  work,  if  they 
have  discovered  it. 

All  the  troops  that  can  be  spared  should  be  employed  for 
this,  including  the  cavalry  and  field  aitillery.  The  main  attack 
will  be  usually  delivered  upon  one  flank  of  the  parallel,  while  a 
demonstration  is  made  against  the  other  flank.  At  this  period 
the  artillery  ol  the  fortress  will  probably  have  its  last  opportunity 
of  engaging  the  siege  batteries  on  anything  Uke  equal  terms, 
when  some  of  the  siege  guns  are  perhaps  on  their  road  from  the 
first  to  the  second  position.  It  will,  therefore,  be  actively  served 
during  the  day,  and  will  continue  its  fire  by  night,  directing  it 
especially  upon  those  batteries  which  would  be  most  dangerous 
to  the  soitie,  and,  after  the  advance  has  taken  place,  upon  the 
roads  by  which  the  enemy's  reinforcements  will  come  up.  The 
advance  will  be  as  noiseless  as  possible,  and  the  covering  troops 
and  workmen  will  be  driven  back  fi-om  the  parallel.  Parties 
will  then  set  to  work  to  gather  up  any  tools  left  behind,  to  tear 
down  revetments,  to  collect  and  bum  the  gabions,  fascines  and 
woodwork  of  any  batteries  that  are  in  progress,  and  to  level  the 
parapets,  especially  at  points  where  the  approaches  meet  the 
parallel,  until  the  superior  force  of  the  enemy  makes  it  necessary 
to  retreat.  If  the  sortie  does  not  attain  to  this  measm*e  of 
success,  and  is  repulsed  by  the  covering  troops,  the  excitement 
and  confusion  caused  by  it  may  delay  the  night's  work,  and 
perhaps  upset  the  arrangements  made  for  opening  fire  from  the 
second  position. 

When  the  first  parallel  has  been  completed  and  occupied,  the 
risk  of  a  sortie  in  force  will  be  much  greater ;  but  the  careless 
security  of  the  besiegers,  or  their  insufficient  ittrength,  may  still 
sometimes  offer  opportunities  to  the  besieged. 
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During  the  defence  of  Gibraltar, a  sortie  was  made  by  about 
2,000  men  upon  the  Spanish  first  parallel  and  batteries,  "which 
were  seen  to  be  negligently  guarded.  They  were  nearly  three 
quarters  of  a  mile  from  the  place,  and  within  a  few  hundred  yards 
of  the  investment  lines,  upon  which  135  pieces  of  heavy  artillery 
were  mounted.  Nevertheless,  the  English  troops  got  possession 
of  them  with  little  resistance,  and  in  an  hour  completed  the 
destruction  of  the  batteries,  burnt  all  the  brushwood,  and  blew 
up  the  magaasines.  Sir  John  Jones  says  that  of  five  sorties  which 
took  place  during  the  English  sieges  in  Spain,  not  one  was 
properly  received.  At  Badajos,  in  the  middle  of  the  day,  the 
garrison  made  a  sortie  with  1,530  infantry  and  40  cavalry,  upon 
the  first  parallel  which  had  been  made  the  previous  day.  "  They 
pushed  forward  at  a  quick  rate,  and  were  in  the  parallel  before  the 
workmen  could  stand  to  their  arms ;  at  the  same  moment  with 
the  advance  of  the  infantzy,  the  cavalry  came  round  the  right 
flank  of  the  parallel  at  a  hand  gallop,  and  were  in  a  few  minutes 
in  the  depots,  at  1,000  yards  in  rear  of  the  trenches."  * 

The  detail  of  these  sorties  can  no  longer  be  followed,  but 
their  epirit  is  admirable. 

78l*  But  during  the  advance  of  the  besieger  from  the  first  Measures 
.  to  the  third  parallel,  it  will  be  by  continual  annoyance  rather  •g*^"**^  ^® 
than  by  attacks  on  a  large  scale,  that  the  besieged  will  best  the*(tod^ 
retard  nis  progress.     His  attempts  to  make  use  of  flying  trench-  parallel. 
.  work  will  be  constantly  watched  for,  day  and  night,  and  always 
checked,  if  possible,  by  a  heavy  fire.    A  constant  fii-e  will  be 
:  kept  up  against  the  sap-hends  from  li^ht  guns  and  howitzers. 
The  ^ound  will  be  lighted  up  firom  time  to  time  throughout 
the  night,  to  see  what  the  besieger  is  doing.     With  the  same 
object,  or  to  drive  away  the  sappers  from  the  sap-heads  and 
overturn  their  work,  small  sorties,  down  to  half  or  a  quarter  of 
a  company,  will  be  frequently  made. 

If  the  method  of  advancing  by  gradually  pushing  forward 
and  intrenching  outposts  be  adopted,  it  must  be  checked  by 
unremitting  watchfulness,  and  by  fire  from  machine  and  small 
quick-firing  guns  and  from  light  howitzers. 

The  larger  weapons  are  unsuited  for  this  work,  and  they 
would  use  up  too  much  ammunition. 

Sorties  may  also  be  used,  as  these  isolated  posts  cannot 
■  offer  a  very  solid  resistance. 

782.  Opportimities  may  even  offer  themselves  of  regaining  Counter- 
some  of  the  ground  that  has  been  lost,  by  means  of  counter-  approacbea. 
approaches.  1  hese  consist  of  works  similGur  to  the  siege  works, 
and  carried  forward  to  oppose  them.  Usually  they  are  simple 
trenches  and  rifle  pits,  eitner  made  towards  the  front  to  furnish 
a  closer  fire  upon  the  heads  of  the  approaches,  and  favour  small 
sorties  upon  tnem,  or  pushed  out  on  the  flank  to  enfilade  the 
approaches  or  take  them  in  reverse.  They  should  be  so  traced 
that  they  can  themselves  be  enfiladed  from  tlie  place^  and  to 
give  no  cover  of  any  value  to  the  enemy  when  he  reaches 
them.  But  where  very  advantageous  positions  have  been 
gained,  the  works  may  gradually  develop  into  heavy  batteries 
or  redoubts,  if  time  and  the  strength  of  the  garrison  admit 
of  it. 

*  Jones,  '*  Sieges  in  Spain." 
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In  the  ai^  of  Sebastopol  the  French  approaches  upon  the 
western  side  were  completely  held  in  check  by  the  Kuaaian 
counter-approaches  on  the  Cemetery  Hill,  which  took  them  in 
flank.  They  determined,  therefore,  to  open  a  new  attack  upon  the 
Malakoff  work,  on  the  eastern  side  of  the  place.  The  lUissiana 
seein?  indications  of  their  intention,  anticipated  them  by  occupying 
a  hiUock,  known  as  '*  the  Mamelon,"  which  was  about  600  yards 
in  front  of  the  Malakoff,  and  commanded  it.  Three  days  after- 
»  wards  the  French  opened  a  first  parallel  half-a-mile  in  front  of  the 
Mamelon,  and  to  delay  their  approaches  upon  it,  the  Bussians 
formed  a  chain  of  rifle  pits  within  200  ^ards  of  the  working 
parties,  and  a  second  chain  at  a  correspondmg  distance  to  the  rear 
to  support  the  first  one.  They  made  a  sortie  with  6,000  men,  and 
succeeded,  at  a  cost  of  1,300  men,  in  destroying  part  of  the 
approaches.  They  then  connected  their  rifle  pits  so  as  to  form 
continuous  trenches.  Meanwhile,  in  spite  of  the  conyerffent  fire 
from  the  besieger's  batteries,  a  redoubt  was  thrown  up  and  armed 
with  14  pieces  in  the  course  of  a  month.  Two  months  more 
elapsed  before  this  redoubt  was  taken  by  the  French. 

PL  CLYII.  shows  the  intrenchments  and  counter  approaches 
made  by  the  French  on  either  side  of  Fort  Issy,  during  the  defence 
of  Paris  in  1870.  Issy  and  the  neighbouring  forts  upon  the  south 
side  were  commanded  by  the  plateau  of  Chatillon,  further  to  the 
south.  This  plateau,  with  the  advanced  works  on  the  edge  of  it, 
made  by  the  French  just  before  the  siege,  had  been  occupied  by 
the  Germans.  They  had  made  batteries  there,  and  bombarded 
the  forts,  and  it  was  expected  that  they  would  proceed  to  a  regular 
attack  on  Issy. 

The  counter-approaches  on  the  right  of  Issy  were  protected 
on  that  flank  by  tne  bend  of  the  Seine. 

783.  The  most  effectual  means  of  delaying  the  advance  of 
the  besieger  over  the  glacis  is  a  well-developed  system  of 
coimtermines,  which  will  compel  him  to  imdertake  a  mine 
attack.  But  sometimes  the  soil  is  unsuitable  for  mining,  some- 
times miners  or  mining  implements  are  wanting.  In  that  caae, 
small  sorties  must  as  before  be  combined  with  the  fire  of  rifles 
and  machine  guns,  and  occasionally  field  guns,  to  check  the 

})rogress  of  the  saps,  and  they  will  be  powerfully  assisted  by 
ight  howitzers  and  mortars  placed  wherever  they  will  be  best 
sheltered.  Hy  the  vigorous  use  of  these  means  the  crowning  of 
the  covered  way  by  systematic  approach  may  be  long  delayed. 
The  same  means  must  be  used  it  the  besieger  attempts  to  sap 
round  a  fort. 

784.  When  he  has  finally  succeeded  in  establishing  himself 
upon  the  crest  of  the  glacis,  the  besieger  proceeds  to  breach 
tne  escarp  and  to  make  his  descent  into  the  ditch. 

The  formation  of  a  passage  a^^ross  the  ditch  will  be 
opposed  chiefly  by  high-angle  fire,  if  the  flanks  have  been 
suenced. 

When  the  breach  has  been  formed  and  an  assault  is 
imminent,  efforts  should  be  made  to  bring  some  rifle  fire  to  bear 
on  it  It  may  also  be  defended  by  curved  fire  from  howitzers 
or  mortars.  Since  a  violent  fire  of  shrapnel  will  be  kept  up  on 
it,  and  it  will  probably  be  lighted  up,  it  will  be  almost  impossible 
to  place  obstacles,  but  airangements  might  be  made  for  rolling 
shells  or  throwing  explosives  with  time  fuzes  upon  it.  Land 
mines  or  fougusses  might  be  placed  in  the  ditch.    If  possible  an 
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intrencliment  should  be  thrown  up    behind  the  top  of  the 
breach. 

In  these  days  when  the  front  attack  of  any  hastily  intrenched 
position  is  regarded  as  a  hazardous  undertaking,  the  assault  of 
a  breach,  the  attempt  to  penetrate  into  a  fortress  by  a  steep  and 
narrow  road,  watched  by  the  ^rrison  and  perhaps  strewn  with 
obstacleg^  and  to  issue  out  unaer  an  enveloping  nre  from  troops 
behind  parapets,  might  well  seem  to  be  hopeless,  whatever  the 
superiority  of  numbers.  It  becomes  practicable  only  from  the 
depressed  and  exhausted  state  of  tbe  garrison  at  this  final  stage 
of  the  defence;  the  difiiculty  of  working  and  watching,  under 
the  incessant  fire  of  shell  and  shrapnel  whioh  overwhelms  the 
neighbourhood  of  the  breach ;  the  suddenness  with  which  the 
assault  can  be  delivered  owing  to  the  nearness  of  the  trenches ; 
and  the  distraction  of  the  defence  by  assaults,  feigned  or  real, 
at  other  points. 

These  causes  may  sometimes  make  it  best,  when  outworks 
only  are  in  question,  to  withdraw  the  armament  and  abandon 
them  after  they  have  been  breached,  without  standing  an 
assault,  in  order  to  avoid  weakening  the  garrison.  But  they  will 
never  warrant  a  governor  in  cutting  short  his  defence  and 
surrendering  the  fortress  entrusted  to  him,  on  account  of 
breaches  in  the  body  of  the  place.  He  has  one  simple  duty,  to 
hold  out  till  the  last  moment,  without  attempting  to  strike  any 
balance  between  the  value  of  the  time  gamed  and  the  lives 
lost. 

The  defence  of  the  Arab  Tabia,  at  Silistria,  in  1854,  by  the  Arab  Tabia, 
Turks,  assiBted  by  Captain  Butler,  and  other  English  omcera,  Silistria. 
shows  how  much  may  be  done  with  improvised  retrenchments. 
It  was  an  open  fieldwork  of  slight  profile,  with  a  ditch  7  feet  deep, 
and  10  feet  wide.  But  the  Bussians,  failing  to  take  it  by  assault, 
made  a  regular  attack  upon  it,  and  carried  mine  galleries  under 
the  parapet.  The  Turks,  having  no  miners,  made  a  retrenchment 
^  cuttmg  ofif  the  angle  undermined.  Three  days  later  (June  3rd}, 
^  when  these  mines  had  been  fired,  and  the  miners  were  found  to 
be  pushing  onward,  a  second  retrenchment  was  made  in  rear  of  the 
first ;  and  five  days  afterwards  a  small  enclosed  work  was  thrown 
up  at  the  gorge  as  a  keep,  under  the  direction  of  Colonel  (now 
Iield-Maruial  Sir  Lintorn)  Simmons.  On  l^e  lOth  June  tiie 
Russians  fired  their  mines,  assaulted  and  penetrated  into  the  second 
retrenchment,  but  were  repulsed  by  the  fire  from  the  keep.  On 
the  23rd,  after  more  than  a  month's  ineffectual  siege  of  this  work, 
and  six  unsuccessful  assaidts,  the  Russian  army  recroesed  the 
Danube. 

At  the  siege  of  Badajos,  in  1812,  three  breaches  were  made  in  Badajos* 
the  right  face  of  one  bastion,  the  left  flank  of  another,  and  in  the 
intermediate  curtain,  giving  a^  front  altogether  of  more  than 
500  feet,  ''the  greater  part  of  which  was  as  good  as  can  be  formed,'' 
Two  British  Divisions  reached  the  ditch,  and  continued  there  for 
two  hours,  making  unavailing  efforts  to  storm.  Though  accident 
and  the  confusion  incidental  to  night  attacks  had  something  to  do 
with  this  failure,  the  principal  cause  was  the  exceUent  conduct  of 
the  defence,  under  General  PhiUi]x>n,  the  ^vemor.  A  week 
before  the  assault,  when  the  breaching  batteries  opened  fire,  and 
made  it  evident  which  bastions  were  the  points  of  attack,  retrench- 
ments were  begun  in  those  bastions,  and  independently  of  them  a 
second  line  was  formed  in  rear,  by  making  use  of  the  garden 
walls  and  houses  adjacent,  with  traverses  and  ditches  across  the 
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streets.  As  the  parapets  were  biH)Uffht  down  along  with  tke 
escarp  walls  by  tne  fire  of  the  brea^ng  batteries,  they  were 
replaced  by  parapets  of  sand- bags,  with  ixues  of  wool  abd  cotton. 
Parties  of  200  men  worked  every  ni^ht  under  a  fire  of  grape,  to 
clear  away  the  mbbish  accumulating  m  the  ditch ;  but  theur  effoits 
were  ineffectual.  When  it  was  found  that  the  breaches  were 
becoming  practicable,  arrangements  were  made  for  their  defence. 
The  besiegers  had  not  been  able  to  sap  up  to  the  counterscarp, 
and  to  make  galleries  of  descent  It  was  a  low  wall,  but  the 
garrison  excavated  a  ditch  at  its  foot,  which  increased  its  depth  to 
16  or  17  feet ;  ''along  a  considerable  part  of  this  ditch  water  had 
been  introduced  from  the  inundation,  and  a  number  of  men  were 
drowned  by  jumping  into  if*  At  the  breaches,  Colonel  Lamare, 
the  French  commanding  engineer,  sa^s  : — **  We  ranged  along  all 
the  accessible  portiors  chevanx-de-frise,  the  greatest  number  of 
which  were  made  of  the  blades  of  cavalry  sabres,  whilst  fasdnesy 
sand-bags,  and  woolpacks  replaced  the  fallen  parapet&  We  turned 
to  use  all  the  artillery  stores,  such  as  wagons,  boats,  cordage, 
shells,  barrels  of  combustibles ;  and  lastly,  chosen  men,  each  pro- 
vided with  three  muskets,  waited  the  moment  of  assaulf  A  boat 
filled  with  soldiers  was  placed  in  the  ditch  at  the  salient  of  one  of 
the  bastions^  to  flank  tl^  breach  in  the  face.  The  slope  of  the 
breaches  was  covered  after  dark  with  harrows^  extending  over 
nearly  the  whole  surface.  Immediately  in  front  of  the  breaches, 
sixty  14-inch  shells  were  buried,  just  below  the  surface,  at  distances 
of  4  yards  apart,  with  powder-hoses  in  connection,  and  these  were 
fired  as  soon  as  the  assaulting  columns  were  in  the  ditch.  ''  The 
awful  explosion  of  shells  and  combustibles  amongst  the  heads  of 
the  columns  the  smoke,  and  utter  darkness,  caus^  the  troops  to 
mistake  the  earthen  ravelin  for  the  breaches ;  they  ascended  it ; 
.  .  two  parallel  columns,  composed  of  different  divisions  of  the  army, 
became  intermixed  ;  of  four  officers  of  engineero,  who  were  at  the 
heads  of  the  columns  as  guides,  two  were  killed,  and  two  des- 
perately wounded.  Neveruieless  the  troops  ascended  the  principal 
nreadi  and  the  one  in  the  flank ;  many  cut  and  gashed  their  hands 
in  their  attempts  to  pull  down,  at  the  very  mui^es  of  the  French 
muskets,  the  chevaux-de-frise  made  of  sabre  blades,  and  they 
repeatedly  renewed  these  attempts,  in  defiance  of  the  most  terrible 
explosions  of  combustibles  .''f  At  length,  after  two  hours,  the  two 
divisions  were  ordered  to  be  withdrawn,  to  be  re- formed  for  afresh 
assault  a  little  before  daylight  But  the  capture  of  the  castle 
by  escalade  the  same  night  made  this  renewed  assault  unnecessaiy. 
Chatte.  As  an  instance  of  the  expedients  that  may  be  resorted  to, 

Yauban  mentions  in  his  TraiU  de  la  Defense  dea  Plaoeif  that  in  the 
assault  of  a  breach  at  Chatt6, "  during  the  heat  of  the  combat,  both 
sides  fighting  vah'antly,  the  besiegea  took  it  into  their  hetids  to 
throw  into  the  breach  five  or  six  hives  full  of  bees,  which  happened 
to  be  at  hand.  Thes&,  enraged  at  finding  themselves  so  treated, 
attacked  the  besiegers,  and  stung  them  so  violently,  that  thcv  were 
forced  to  give  up  and  retire  into  the  trenches,  where  they  followed 
them  with  such  invincible  obstinacy,  that  the  works  were  deserted 
for  several  days,  daring  which  time  the  defenders  repaired  their 
breach.^ 

Comparison  785.  '^  Plaoe  assi^g^o,  place  prise,"  is  an  old  proverb,  and  it 

*^^iJ**h**^^***^    is  generally  allowed  that  no  fortress  is  impregnable,  unless  it  be 

defence.  owing   to   extraordinary  natural  advantages.    This,  however, 

though  true,  is  not  the  whole  truth.     A  siege  is  a  prolonged 

battle  between  two  unequal  combatants,  in  which  the  weaker 

occupies  a  position  made  strong   by  previous  labour;  and  of 

*  Tnnslator'B  note  to  Colonel  Lamare's  "  Account  of  the  Second  Defence  of 
Badajos,"  translated  by  an  Officer  of  the  Boyal  Engineers.    Chatham,  1824. 
t  Joaes,  "  Siege§  in  Spain." 
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'this  strength  the  enemy,  by  labonr  during  the  siege,  can  always 
gradually  deprive  it,  in  so  far  as  may  be  n  ecessary  for  his  purpose. 
But  the  provision  of  the  men  aiid  stores  necessary  to  carry 
out  the  operation  may  be  beyond  the  power  of  tJbe  attacking 
force, either  because  they  cannot  be  spared  from  other  operations, 
or  because  they  cannot  be  brought  up  in  sufficient  quantity* 
Thus  the  Germans  in  1870-71  were  never  in  a  position  to  under- 
take the  regular  siege  of  Paris,  as  the  railway  lines  were  never 
sufficiently  clear  of  men  and  stores  to  enable  them  to  bring  up 
the  necessary  quantity  of  ammunition. 

Therefore  the  defenders  of  a  fortress  should  always  feel  that 
the  enemy  has  a  difficult  task  before  him ;  that  events  of  which 
they  are  quite  unaware  may  be  fighting  for  them ;  ^nd  that  a 
victorious  resistance  is  possible ;  and  they  should  thus  be  stimu- 
lated to  hold  out  stubbornly  to  the  last. 


Appendix  1. 


The  siege  of  Thionville,  in  1870.    (See  PI .  CLVIII .)  Attack  of 

Provided  with  wet  ditdies  and  numerons  outworks, — ravelins,  Thionyille. 
oountei^ards,  and  advanced  lunettes,  the  body  iA  the  plac^  was 
well  secured  by  passive  obstacles  against  assault ;  but  owinf  to  the 
closely-packed  houses  and  barracEs,  and  to  the  command  of  the 
surrounding  heights,  it  was  ill-fitted  for  a  vigorous  artillery 
defence,  and  the  want  of  space  for  deployment  made  it  difficult 
for  the  garrison  to  operate  outside.  It  had  no  offensive  valuer 
therefore ;  but  it  formed  a  doable  bridge-h«id  on  the  Moselle,  and 
barred  the  railways  from  Metz  to  Luxembourg,  and  to  the  places 
on  the  north-east  frontier.  The  Germans  were  anxious  to  get 
poceession  of  it,  to  forward  their  operations  against  Metz  ;  and  as 
the  garrison  was  reported  to  be  of  indifferent  quality  (only  1.000 
out  of  5,000  being  regular  troops),  an  attempt  was  made,  at  three 
in  the  morning  of  the  15th  Au^st,  to  seize  the  bridge-head  on 
the  right  bank  by  surprise.  This  aUempt  failed,  however,  and  no 
troops  could  at  that  time  be  spared  for  a  siege. 

A  cavalry  brigade,  with  two  battalions  of  infantry,  was  sent  to 
watch  the  place  ;  but  it  was  not  effectually  blockaded  till  the  1st  of 
October,  when  the  investing  force  was  rused  to  five  battalions  of 
infantry,  five  regiments  of  cavalry,  and  one  battery  of  horse 
artillery.  On  the  10th  of  November,  after  the  fall  of  Metz  and 
Verdun,  the  14th  division  under  General  von  Kameke,  was  sent 
to  besiege  Thionville.  The  strength  of  the  siege  corps,  after  some 
necessary  detachments  had  been  made,  was  10  battalions,  six 
squadrons,  and  seven  field  batteries,  with  13  companies  of  fortress 
artillery,  and  seven  companies  of  pioneers.  The  siege  train 
pr  vided  comprised  158  pieces,  of  which  42  were  field  guns. 

After  two  days'  reconnaissance,  the  commander  of  the  siege 
corps  decided  to  try  the  effect  of  a  continuous  bombardment  from 
batteries  on  all  sides  of  the  place,  but  at  the  same  time  to  under- 
take under  cover  of  this  bombardment,  an  accelerated  attack  upon 
the  western  fronts  (5-6,  6-7). 

The  soil  was  drier  on  this  side  than  elsewhere,  except  upon  the 
south-east,  and  there  the  ground  fell  gently  towards  the  works, 
forming  a  counter-sloping  glacis  very  difficult  to  sap  across. 

There  were  also  other  advantages  in  the  choice  of  the  western 
fronts  for  attack  :  they  could  be  enfiladed  without  difficulty ;  the 
long  spur  of  Veymerange,  iust  opposite  them,  offered  good  positions 
for  counter  batteries  which  coula  fire  over  the  approaches ;  the 
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Luxemboui^  railway  proyided  a  ready-made  parapet  for  the  tiiird 
parallel ;  there  were  farms  and  villages  oonveniently  situated  to 
protect  the  flanks  of  the  attack ;  ana  the  siege  parks  could  be 
within  easy  reach  of  the  railway  from  Metz.  The  parks  were 
placed  about  a  mile  west  of  Florange,  and  about  four  miles  from 
Thiouville,  completely  hidden  from  the  latter  by  the  Bois  de 
Florange. 

The  batteries  were  begun  on  the  18th  Novembei*,  and  finished 
on  the  21st,  with  hardly  any  interruption  from  the  garrison,  who^ 
owing  to  the  woods,  could  only  guess  at  their  position.  They 
were  armed  in  the  night  of  the  21st,  and  opened  fire  simultaneously 
at  seven  A.U,  on  the  22nd.  There  were  nineteen  batteries 
altogether,  mounting  85  guns  and  mortars. 

rJos.  5,  and  13-15  e&laded  front  G-7  ;  No.  16  enfiladed  fronjk 
5-6  ;  and  Nos.  7  and  8  enfiladed  fronts  4-5.  The  other  batteries 
oounterbattered  or  bombarded. 

At  first  all  the  batteries  directed  their  fire  upon  the  town,  but 
the  replv  of  thej^ns  of  the  fortress  soon  made  it  necessary  to 
^^i^S^^  UQ  an  artillery  combat,  which  by  mid-day  ended  in  the 
silencing  of  the  place,  owing  to  the  favourable  positions  of  the 
siege  batteries,<and  the  conveivenoe  of  their  fire.  The  bombard- 
ment of  the  town  continued  mroughout  the  day,  at  the  rate  of 
four  rounds  an  hour  for  each  piece,  and  throughout  the  night  at 
the  rate  of  one  round  an  hour.  During  the  night  the  first  parallel 
was  opened  at  a  distance  of  650  yards  from  the  place.  Including 
the  approach  to  it,  it  measured  4,000  paces,  but  the  siege  corps 
could  not  furnish  more  than  1,500  men  as  a  working  party,  with 
^  one  battalion  for  covering  troopci.  Although  the  eround  was  lit 
up  by  the  burning  buildings  of  the  place,  the  workmen  were  not 
discovered  by  the  besieged  ;  but  the  wetness  of  the  soil,  and  thp 
bad  weather  caused  them  great  difficulties.  The  line  of  the 
paz^el  was  crossed  at  ri^ht  angles  by  several  deep  land  drains, 
which  had  to  be  dammea  up,  and  a  storm  of  rain  filling  these 
drains,  burst  the  dams,  ana  flooded  the  half  ^nished  trenches. 
When  day  broke  these  were  not  yet  tenable,  and  the  three 
companies  of  sappers  who  were  to  have  completed  the  tasks  had  to 
be  withdrawn  until  the  following  night.  Chrders  were  given  that 
on  the  night  of  the  24th,  a  fresh  communication  should  be  made 
from  the  right  of  the  parallel  to  the  village  of  Terville,  which  had 
been  already  prepared  for  defence ;  and  on  the  two  fol  towing  nights, 
batteries  for  48  additional  pieces  against  the  fronts  of  attack  were 
to  be  made.  But  the  fortress  which,  with  the  exception  of  the 
bridge-head  on  the  rifht  bank,  had  been  almost  silent  since  the 
22n<]^  and  in  which  the  gunners  were  in  fact  driven  from  the 
ramparts  of  the  town  fronts  by  tlie  flaming  houses  behind  them, 
made  offers  of  surrender  on  the  24th.  During  the  bombardment, 
kept  up  for  three  days  and  two  nights,  with  some  brief  intermiasions, 
8,600  rounds  were  fired  by  the  besiegers,  about  one-sixth  of  the 
ammunition  provided  for  the  siege.  A  large  part  of  the  town  was 
burnt  down,  oat  out  of  4,000  inhabitants,  only  two,  it  is  said,  were 
killed. 
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Appendix  II. 
The  Siege  of  Belfort,  1870-71. 

The  defence  of  Belfort,  in  1870,  is  the  best  instance  of  a  Siege  of 
defence  conducted  on  modem  principles  with  rifled  weapons.  The  Belfort. 
siege  will  also  serve  as  an  instance  of  the  attack  of  a  fortress  sur- 
rounded by  detached  works ;  although  the  comparative  weakness 
of  those  works,  the  small  numbers  of  ilie  attacking,  and  the 
indifferent  quality  of  the  bulk  of  the  defending  force,  render  it 
an  imperfect  example. 

Standing  in  the  gap  between  the  Yosges  and  the  Juras,  and 
barring  the  railways  from  France  to  Switzerland  and  Upper 
Alsace,  Belfort  is  of  importance  both  defensively  and  offensively. 
In  1870,  it  hampered  the  German  operations  in  the  east  of  France, 
and  furnished  a  door  by  which  a  French  army  might  penetrate 
into  Alsace,  and  perhaps  cross  the  Rhine. 

The  town  lies  in  a  hoUow  on  the  left  bank  of  the  Savoureuse, 
{tee  PL  CLIX),  and  between  two  spurs  of  the  Vosges,  both  of  which 
present  steep  slopes  on  the  soutnem,  and  abrupt  scarps  on  the 
northern  side.  The  town  has  a  pentagonal  enceinte,  constructed 
by  Yauban,  with  tower  bastions,  which  were  in  fact  first  suggested 
to  him  by  the  special  circumstances  of  Belfort  It  has  some 
advanced  works  on  the  north  side,  and  on  the  south  it  is  over- 
hung by  the  Ch&teau,  which  occupies  the  south-east  end  of  one  of 
the  scarped  spurs  above-mentioned,  and  consists  of  three  terraced 
crownworks,  with  a  cavalier  and  a  bomb-proof  barrack  above  them« 
Two  forts,  la  Justice  and  la  Miotte,  are  placed  on  the  two  spurs, 
about  half-a-mile  to  the  eastward,  and  connected  by  a  line  of 
rampart,  and  the  valley  thus  enclosed  is  (in  the  older  stibse  of  t^e 
term)  called  the  **  intrenched  camp." 

After  the  introduction  of  rined  artillery,  it  was  ^recognised 
that  additional  works  were  necessaiy :  especially  to  occupy  the 
ridf^e  of  Les  Perches,  1,200  yards  to  the  south-east  of  the  place, 
which  would  otherwise  cover  the  besi^er^s  approach,  upon  the 
side  which  was  far  the  most  favourable  n>r  a  regular  attack ;  and 
as  a  supplement  to  this,  to  occupy  the  plateau  of  Bellevue^  west  of 
the  Savoureuse,  from  which  any  worKs  on  Les  Perdies  might 
otherwise  be  taken  in  reverse,  and  the  intrenched  camp  mk;ht  be 
made  untenable.  It  had  also  been  proposed  to  place  a  woik  upon 
Le  Mont,  the  southern  spur  of  Mount  Salbert,  which  is  only  about 
a  mile  and  a  half  from  the  place,  and  is  more  than  900  feet 
above  it.  But  with  the  exception  of  the  Fort  des  Barrea,  none  of 
these  works  had  been  made  when  the  war  broke  out 

Three  months  elapsed  before  the  Qermans  reached  Belfort,  and 
during  this  time  Colonel  Denfert-Bochereau,  at  first  comnuuM 
engineer,'*  and  afterwards  commandant^  did  much  to  make 
what  was  wanting.  Two  field-works  of  strong  profile,  with 
closed  gorges,  were  made  upon  Les  Perches,  and  another  was 
begim  at  &llevue  :  the  latter  was  still  quite  unfinished  when  the 
sieffe  began.  Lines  of  defence  were  carried  across  the  suburbs, 
and  the  houses  in  advance  of  them  levelled.  The  waJls  of  the 
bomb-proof  barracks,  and  of  the  gun  casemates  of  the  cavidier  of 
the  ChAteau  were  blinded ;  other  blinded  batteries  were  made, 
and  the  gun  platforms  adapted  for  fire  at  veiy  long  ranges.  For 
Colonel  Denfert  considered  that  ^  with  a  garrison  of  over  16,000 
men^  as  Belfort  had,  all  exterior  positions  which  were  within  reach 
of  tne  fire  of  the  forts  or  redoubts  ooffht  to  be  occupied  and 
obstinately  held.  He  looked  upon  the  £)rtre88  rather  fus  a  secure 
supporting  point  for  the  troops  outside^  and  a  huge  battery  of 

.*  He  had  been  six  yean  at  Belfort  in  this  oi|Muufy.^ 
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pOBition,  enabling  them,  by  its  protection,  to  make  effectual 
reeiatance,  than  as  a  line  of  defence  to  which  they  should  confine 
themselves  from  the  first"*  He  made  preparations,  therefore, 
for  the  defence  of  the  outlying  villages,  Perouse,  Danjoutin,  and 
la  Forge,  and  of  tiie  woods  near  them ;  providing  blinded  cover 
in  them,  so  that  the  troops  might  not  be  driven  out  by  a  can- 
nonade. 

On  the  2nd  November,  the  head  of  the  German  division  charged 
with  the  investment  of  Belfoit  arrived  within  a  few  miles  of 
the  place,  upon  the  Strassburg  road.  The  strength  of  this  division 
was  only  about  10,000  men,  but  it  was  estimated  at  double  that 
number  by  the  French.  At  this  time  the  garrison  consisted  of 
about  2,500  infantry,  1,000  artillery,  and  168  engineers,  of  the 
regular  army,  and  more  than  13,000  auxiliaries,  chieflv  of  the 
garde  mobile.  The  armament  comprised  341  pieces,  of  which  only 
137  were  rifled.  For  the  latter  there  were  from  500  to  600 
rounds  of  ammunition  per  gun.  There  was  nearly  400  tons  of 
gunpowder,  and  provisions  for  nearly  six  months. 

The  Crerman  division  (von  Tresckow)  was  formed  in  three 
detaehments,  of  which  two  were  directed  to  the  north,  and  one  to 
the  east  of  Belfort.  The  first  detachment  marched  by  Bougemont 
and  Gros  Magn^  to  a  position  between  Frahier  and  UhalonviUars, 
which  it  occupied  with  two  battalions,  half  a  squadron,  and  six 
guns,  while  it  threw  forward  one  battalion  and  half  a  squadron  to 
Banvillars.  (Fig.  PL  CIIX.)  The  second  detachment^  consisting 
of  three  battalions,  two  squadrons,  and  ei^t  guns,  occuped  Ser- 
mamagny,  and  the  villages  behiLd  it  The  third  detachment 
occupied  Koppe,  Beaaoncourt,  Ch^vremont,  Vezelois,  and  Sevenans, 
with  four  battalions,  one  and  a  half  squadrons,  and  six  guns ; 
while  one  battalion,  half  a  squadron,  and  four  guns,  were  left 
as  a  reserve  at  les  Errues,  with  the  head-quarters  of  the  division, 
and  one  squadron  was  stationed  at  la  Chapelle  sous  j^ugemont 

In  marching  upon  these  positions  tlie  detachments  met  with 
-     •  some  resistance,  but  by  the  afternoon  of  the  3rd  the  investment 

was  completed.  Meanwhile,  however,  the  delay  had  allowed  the 
French  to  accompUsh  sucoessfuUv  the  destruction  of  the  viaduct  at 
Dannemarie,  10  miles  east  of  Beuort,  which  deprived  the  Germans 
of  the  use  of  the  railway  beyond  that  point  throughout  the  siege. 

So  small  a  force  extended  on  a  circumference  of  25  miles,  and 
allowing,  therefore,  onlv  400  men  per  mile,  was  not  able^  especially 
in  so  broken  and  wooded  a  country,  to  prevent  emissaries  jiassing 
through  their  lines.  Exposed  to  attack  from  partisan  corps  out- 
side, harassed  by  small  sorties  of  the  garrison,  and  by  lonff 
range  fire  of  the  guDS  of  the  place,  to  which  they  had  only  field 
guns  to  oppose,  the  investing  loroe  was  at  first  in  a  very  trying 
and  dangerous  position.  But  by  the  latter  end  of  November  its 
strength  was  raised  by  successive  reinforcements  to  more  than 
20,000  men,  and  part  of  the  siege  train  had  arrived. 

For  a  formal  attack  upon  L^  Perches,  and  after  that  upon  the 
Chftteau,  it  was  estimated  that  at  least  25  battalions  and  120 
siege  guns  would  be  necessary.  But  to  raise  the  confidence  of  the 
troops,  and  to  interrupt  the  preparations  of  the  garrison  to  break 
the  blockade  or  strengthen  their  works,  it  was  decided  to  make  use 
of  the  guns  already  available,  for  a  preliminary  bombardment,  as 
soon  as  possible  :  it  might  bring  about  a  capitulation,  and  would 
-  at  all  events  prepare  the  way  for  the  formal  attack.  The  plateau 
of  Le  Mont  was  chosen  for  this  purpose,  but  before  the  batteries 
could  be  made  upon  it,  the  line  of  mvestment  had  to  be  drawn 
closer.  Yaldoie,  Cravanche,  and  Essert  were  occupied  without 
much  opposition,  and,  after  repulsing  one  assault,  the  outposts  of 
the  garrison  were  compelled  to  abandon  Le  Mont  itself.  A  few 
nights  later,  Bavilliers  was  taken.    On  the  night  of  the  2nd 
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December,  seven  batteries,  for  26  piece%  were  made  and  armed, 
upon  the  spur  east  of  Essert,*  and  opened  fire  on  the  following 
morning.  They  found  themselves  opposed,  not  only  by  the  works 
immediately  opposite  to  them — Belle  vue  and  les  Barres — ^but  also 
by  all  the  other  works  of  the  place,  especially  the  Ch&teau  ;  for 
the  commandant  had  made  arrangements  for  the  guns  of  the 
defence  to  fire  not  only  to  their  fronts  throagh  embrasures  in  the 
parapets,  but  to  rieht  or  left,  or  even  to  the  rear,  by  indirect 
laying.  The  limit^  supply  of  shells  for  the  rifled  pms  only 
allowed  of  very  deliberate  firing  from  the  fortress  (although  to 
recruit  this  supply  the  commandant  had  started  a  shell  foundry), 
and  the  German  batteries  were  so  placed  that  they  were  difficult 
to  hit ;  consequently  the  besieged  wdre  not  able  to  silence  them. 
But  the  besiegers  on  their  side  found  that  they  must  have  addi- 
tional and  more  extended  batteries,  to  establish  their  superioritv ; 
and  that  they  must  push  back  the  outposts  of  the  garrison  on  the 
south  side  before  they  could  make  these. 

Attempts  to  occupy  Andelnans,  and  to  surprise  the  Bellevue 
redoubt,  were  repulsed  in  both  cases ;  and  the  garrison  made  a 
■ortte  upon  BavUliers,  and  broke  into  the  battery  depdts  already 
prenared  there.  But  on  the  13th  December,  a  combined  attack 
maae  the  Germans  masters  of  Andelnans^  and  of  the  woods  on 
each  side  of  it.  This  success  aJlowed  them  to  make  fresh  batteri-s 
north  of  Bavilliers  and  in  the  Bois  de  Bosmont  They  were 
greatly  hindered  by  the  severe  weather  and  the  rocky  ground,  but 
by  the  7th  January  they  had  altogether  60  pieces  mounted. 

The  fire  of  these  ^ns  prenitfed  the  way  for  the  attack  of 
Danjoutin.  On  that  nighty  a  column  issuing  from  the  wood,  and 
surprising  the  Frendi  post  in  the  railway  cutting,  penetrated  into 
the  village  from  the  rear,  while  it  was  attacked  in  front,  and 
captured  700  men.  All  was  now  ready  for  beginning  the  formal 
attack  upon  Les  Perches.  But  the  army  of  General  &urbaki  was 
by  this  time  approaching  to  relieve  the  place  ;  nearly  half  the 
siege  corps  was  drawn  off  to  guard  against  the  outside  enemy,  and 
though  the  siege  batteries  kept  up  their  fire,  they  were  chiefly 
concerned  to  show  a  good  front,  and  to  check  the  expect-ed  sorties 
of  the  garrison.  The  latter  were  imposed  upon  by  the  bold  atti- 
tude of  the  besiegers,  and  confined  themselves  to  demonstrations 
which  never  really  tested  the  strength  of  the  investment  The 
covering  army  of  General  von  Werder  fell  back  before  the  French 
advance,  to  a  prepared  position  on  the  Lisaine,  about  five  miles 
west  of  Belfort,  and  there  maintained  itself  during  the  16th, 
16th,  and  17th  January,  itfainst  the  repeated  attacks  of  an  army 
four  times  its  numbers.  Immediately  after  the  retreat  of  Genend 
Bourbaki  the  siege  was  actively  resumed.  The  siege  corps  now 
amounted  to  about  32,000  men,  including  nearly  6,000  garrison 
artillery.  The  besieged  still  held  Perouse  and  the  woocu  north 
and  south  of  it,  and  these  positions  would  threaten  the  flank  of  an 
attack  upon  Les  Perches.  Accordingly  they  were  assaulted  on  the 
night  of  the  20th  January ;  the  wixxls  were  carried,  and  in  con- 
sequence of  their  loss  the  French  had  to  abandon  Perouse.  On 
the  following  day  four  new  batteries  opened  fire  (Nos.  22-6),  and 
in  the  night  the  first  parallel  and  its  communications  (altogether 
about  two  miles  of  trench)  were  begun. 

The  fire  of  the  fortress  was  now  to  a  great  extent  subdued^ 
but  the  weather,  and  the  rocky  soil,  made  trench- work  slow  and 
difficult.  Deserters  reported  that  the  Perches  redoubts  could 
easily  be  entered  at  tJieir  goi^ges,  and  an  attempt  was  made  there- 
fore on  the  night  of  the  26th  to  capture  them  by  surprise.  The 
attempt  failed,  however ;  the  troops  who  had  jumped  down  into 
the  ditch  of  the  Basses  Perches  found  themselves  unable  to 


*  The  Buminit  of  Le  Mont  was  not  occupied,  beoanse  of  the  rocky  ground  and 
the  dilBeulty  of  getting  the  guns  up. 
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mount  either  the  escarp  or  counterscarp  (for  the  ditch  was 
10  feet  deep  and  cut  in  rock),  and  more  than  200  men  were  taken 
prisoners. 

The  besiegers  were  obliged*  to  have  recourse  again  to  the  sap, 
with  the  occasional  use  of  flying  trenchwork.  On  the  dOth  January 
the  second  parallel  was  begun,  and  by  the  6th  February  the 
sap  had  reached  the  counterscarps  of  the  redoubts.  Meanwhile 
several  fresh  batteries  (Nos.  26-39)  were  made  to  keep  down  the 
fire  of  the  supporting  works,  but  even  the  Bellevue  redoubt, 
thouffh  much  exposed  and  heavily  oounterbattered,  could  not  be 
completely  silenced.  It  kept  up  the  fight  with  small  mountain 
guns,  which  were  run  up  on  to  nigh  wooden  platforms  to  fire,  and 
then  run  down  asain  undercover. 

On  the  8th  February,  the  Hautes  Perches  redoubt,  showing  no 
signs  of  life,  was  entered  by  some  engineers,  who  found  the  French 
guard,  only  20  men,  cooking  in  a  hollow  traverse.  On  the  news 
of  this  success,  the  Basses  Perches  redoubt  was  also  occupied  with 
little  resistance,  for  by  this  time  these  works  were  only  occupied 
by  pickets,  who  were  to  abandon  them  if  attacked. 

On  the  following  night  a  third  parallel  connecting  the  redoubts 
was  opened,  and  a  number  of  batteries  were  made  in  it^  for  fire 
upon  the  ChAteau,  to  dismount  the  blinded  guns  of  the  cavalier 
before  the  further  advance  of  the  saps.  But  on  the  13th  February 
the  siege  came  to  an  end,  the  commandant  receiving  instructions 
from  the  French  Government  in  Paris  to  surrender  the  fortress,  as 
one  of  the  conditions  of  peace.  The  defence  had  lasted  more  than 
100  days,  and  was  by  no  means  at  its  last  stage.  The  garrison 
had  lost  rather  more  than  one-fourth  (4,745)  in  killed,  wounded, 
and  missing.  The  loss  of  the  besiegers  was  something  over  2,000. 
The  siege  i^tillery  fired  altogether  about  100^000  rounds. 
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CHAPTER   VII. 

EXECUTION  OF  SIEGE  WORKS* 


Section  1. — References  for  Details. 

800.  Several  Bectiona  of  Chapters  I  and  II  on  Field  Works  Field  work 
in  Vol.  1.  are  of  special  interest  in  connection  with  the  works  detailiuaed 
executed  at   sieges.     Some    of   the   methods  and  materials  '^■^•8®^®'  ■• 
described  in  them  are  indeed  more  often  applied  at  sieges  than 

in  the  field,  and  the  facts  mentioned  therefore  reqaire  to  be 
reconsidered  in  connection  with  our  present  subject,  though  in 
a  somewhat  different  order  of  importance. 

Without  repeating  what  has  been  already  written,  reference  BeferenoM  to 
must  be  made  in  Chapter  I  to  Section  2  on  Arms  in  Use,  Chapter  I. 
where  the  nature  and  effects  of  various  weapons  used  in  sieges 
are  described ;  to  Section  5,  on  Tools  carried  in  the  Field ;  to  Sec- 
tion 6,  on  Materials,  both  those  not  specially  prepared  and  those 
made  up,  such  as  fascines,  gabions,  and  sandbars,  which  are 
much  used  in  sieges ;  to  Section  7,  on  the  Use  of  these  materials 
in  Revetments;  and  to  Section  12,  on  the  Details  of  Field 
Works,  with  special  regard  to  Field  Casemates;  and  to  the 
Table  of  Time  to  Execute  Work. 

In  Chapter  II,  Section  2,  on  the  Execution  of  Field  Works,  Befwenoei 
including  tracing,  excavating,  and  timber  work,  applies  as  much  ^^P**'  ^ 
to  siege  as  to  field  operations. 

In  this  present  Chapter  descriptions  are  given  of  the  works  Objeot  of 
more  specially  employed  at  sieges,  8u<!li  as  parallels,  approaches,  Pf®^* 
and  batteries,  and  of  the  methods  of  executing  them.  ^ 

801.  Before  entering  on  the  details,  it  is  pointed  out  that  Oonoettlment 
their  design  is  governed  by  the  fact  that  in  the  execution  of  ™  ^J^^° 
siege  works,  and  of  field  works  under  fire  or  within  range  of  of  siege  worki. 
the  enemy,  concealment  is  indispensable.    For  this  reason  all 

tracing  should  be  done  at  dusk,  so  that  there  may  be  sufficient 
light  for  the  work,  while  at  the  same  time  the  enemy  cannot 
perceive  wLat  is  going  on. 

All  excavations  within  range  of  the  euemy  in  which  a 
number  of  men  are  employed,  should  be  commenced  tmder 
cover  of  darkness,  and  every  effort  made  to  obtain  sufficient 
cover  to  protect  the  men  before  daylight ;  the  great  power  of 
modem  shells  also  makes  it  almost  imperative  in  many  cases, 
such  as  the  construction  of  siege  battenes  at  close  ranges,  that 
the  work  should  be  practically  completed  by  that  time,  leaving 
nothing  but  the  elaboration  of  small  details  to  be  done  sub- 
(8250)  Q 
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seqaently.  These  are  the  occasions  for  the  employment  of 
short  reliefs,  during  which  the  men  can  work  with  special 
energy.  In  all  cases  in  which  a  work  requires  two  nights 
for  the  excavations,  these  should  be  executed  during  the  dark 
hour  of  those  nights. 
Tftriafcionof  Of  course  a  departure  from  these  rules  ma j  be  warranted 

practice.  \yj  ^]j^  want  of  vigilance  of  the  enemy,  or  the  slackness  of  his 

fire. 


Section  2. — Sdbge  TRENCHsa 

Tracing^  and  Extending   Workmen. 

802.  The  position  of  the  line  or  lines  to  be  traced  should 
have  been  settled  beforehand,  and  landmarks,  not  easily  observed 
by  the  enemy,  left  to  enable  the  tracing  party  to  work  without 
delay  or  error  in  the  dusk. 

Li  sheltered  situations  it  is  a  good  plan  to  post  sappers 
during  daylight  to  await  the  arrival  of  the  party,  as  these 
animate  points  can  be  readily  found  however  dark  the  night. 
Tradng party.  The  tracing  is  executed  by  the  engineers,  and  is  done  in 
sections  not  exceeding  800  yards  in  length.  The  tape  used 
for  the  purpose  is  in  50-yard  lengths,  each  wound  on  a  picket. 
As  many  sappers  are  required  as  there  are  tapes,  ».«.,  one  to 
every  60  yards  of  line  to  be  traced ;  these  are  accompanied  by 
an  officer  and  a  non-commissioned  officer,  the  latter  of  whom 
carries  a  tracing  lantern,  which  throws  light  in  a  downward 
direction  only,  a  picket  and  a  mallet,  the  head  of  which  has 
been  muffled  with  felt,  while  each  sapper  carries  a  tape  and  a 
6-foot  rod. 

When  the  party  arrived  at  the  starting  point  of  the  tracing 
(Fig.  1,  PL  CLX),  the  leading  (No.  1)  sapper  halts  and  gives 
the  end  of  his  tape  to  the  officer,  who  marches  on  with  the  rest 
of  the  party  in  tne  direction  of  the  line  to  be  traced.  When 
the  tape  is  completely  unwound,  No.  1  sapper  sticks  his  picket 
into  the  ground,  and  No.  2  sapper  halts  and  gives  the  end  of 
his  tape  to  the  officer;  when  this  second  tape  is  unwound. 
No.  2  sapper  sticks  his  picket  into  the  ground,  and  fastens  the 
end  of  No.  I's  tape  to  it ;  and  so  the  tracing  goes  on  until  all 
the  sappers  are  extended,  when  they  face  the  starting  point 
and  lie  down  to  await  the  arrival  of  the  working  parties.  The 
officer  returns  to  meet  the  working  parties,  and  to  conduct 
them  to  their  proper  sections. 
Tncing  lu  tracing  approaches  the  zigzags  are  traced  first  without 

approaches,  noticing  the  returns^  and  the  latter  (10  to  20  yards  long,  or 
longer  where  trench  railways  are  to  be  used)  are  afterwards 
traced  separately  with  tapes  of  the  required  length ;  a  portion 
of  the  tape  at  every  change  of  direction  of  an  approacn  must 
be  cut,  in  order  to  clear  the  trench  to  be  excavated.  This  is 
shown  in  Fig.  3,  PL  CLX.  D,  E,  F  is  the  traced  angle  of  the 
zigzag.  A  distance  of  5  feet  is  measured  from  E  to  n,  and  the 
tape  cut  and  a  picket  driven  at  H.    The  length  E  H  is  then 
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-wheeled  round  into  the  prolongation  of  F  E,  and  fixed  to  a 
picket. 

When  the  working  parties  arrive,  the  sappers  of  the  tracing 
party  assist  in  extending  thera  each  along  his  own  50  yards,  and 
afterwards  superintend  the  execution  of  the  work. 

803.  The  tracing  having  been  executed  in  sections  corre-  Parading 
sponding  with  the  length  of  une  required  for  the  several  working  working 
parties,  the  latter  should  be  provided  with  a  reserve  of  10  per  P*'^*^- 
cent.. to  replace  casualties,  and  to  relieve  individual  diggers  at 

the  discretion  of  the  officer  in  charge. 

It  is  undesirable,  under  any  circumstances,  to  extend  more 
than  500  men  from  one  point. 

The  men  parade  in  fatigue  dress,  with  rifles  slung,  waistbelts,  Dress, 
bayonets,  ammunition  pouches,  and  filled  water  bottles. 

They  are  marched  to  the  intermediate  engineer  depots, 
which  have  been  established  at  convenient  places  screened  from 
the  fortress,  in  sufficient  time  to  receive  the  tools,  and  to  be  in 
readiness  to  march  off  on  the  arrival  of  the  engineer  officer  of 
the  tracing  party. 

They  are  drawn  up  in  column  of  companies,  with  the  reserve  Order  of 
of  10  per  cent.,  in  rear  of  the  column,  and  sappers,  in  the  pro-  parade, 
portion  of  about  one  to  every  30  men,  on  the  reverse  flank  of 
each  company. 

As  in  practice  it  is  not  feasible  to  know  beforehand  the  Laying  oat 
exact  numbers  of  the  working  parties  that  the  officer  com-  tools, 
mandiug  the  infantry  can  furnish,  it  will  be  impossible  to  lay 
out  the  precise  number  of  tools  for  each  company;  but 
ari*angenient8  must  be  made  beforehand  for  their  most  speedy 
distribution,  either  by  laying  them  out  in  rows,  or  by  having 
a  proportion  in  rows  and  the  remainder  in  heaps,  as  may  appear 
desirable. 

In  laving  out  tools  in  rows,  the  set  shoulds  be  one  pace  Iniowi. 
apart,  with  an  interval  between  the  rows  of  two  or  three  paces. 
Drawings  of  the  special  tools  for  siege  work  are  given  in 
Plate  CLXI.  Fig.  4,  PI.  CLX,  shows  the  usual  detail  of 
arrangements.  The  ranks  of  men  are  marched  behind  the 
rows  of  tools,  each  man  in  rear  of  a  set.  They  are  carried  at 
the  trail,  pick  in  left  hand  and  shovel  in  right,  iron  to  the 
front,  and  point  of  pick  downwards.  In  marching  in  file  the 
handles  should  be  incUned  outwards  to  enable  the  files  to 
close  up. 

When  tools  are  arranged  in  heaps,  the  picks  should'  be  in  in  heaps, 
one  and  the  shovels  in  another.  Fig. 4,  PI. CLX,  a  few  paces  apart, 
with  two  sappers  at  each  heap  to  issue  them.  The  men  file 
past  in  single  rank  between  the  t^v^o  heaps,  kee{>ing  the  picks 
on  their  left  and  shovels  on  their  right ;  on  receiving  the  tools 
they  form  up  on  their  markers. 

804.  The  following  points  are  to  be  specially  kept  in  Bulesfor 
mind :—  working 

parties. 

(1)  Each  man  is  to  be  shown  the  task  he  is  to  execute. 

(2)  Anus,  when  laid  down  to  commence  work,  are  not  to  be 

(8250)  Q  2 
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taken  up  again,  even  in  case  of  attack,  except  by  order 
of  the  commanding  officer. 

(3)  Strict  silence  is  to  be  kept,  and  all  clashing  of  tools  or 

arms  to  be  avoided. 

(4)  Words  of  command  are  to  be  given  in  an  undertone  of 

voice. 

(5)  No  lights  orismoking  are  allowed. 

On  the  arrival  of  the  Engineer  officer  of  the  tracing  party, 
the  column  is  marched  off  in  fours,  file,  or  column,  as  best  suits 
the  ground,  and  is  conducted  by  him  to  within  20  paces  of  the 

Eoiut  of  extension,  where  it  is  formed  in  quarter  column  and 
alted  (Fig.  5,  PL  CLX). 

The  drill  for  the  extension  of  working  parties  is  given  in 
Infantry  Drill,  Part  X,  Sections  15,  16. 

As  the  men  come  up  along  the  tape,  the  sappers  of  the 
tracing  party  measure  off  5-feet  lengths  for  each  man,*  who 
then  drives  his  pick  into  the  ground  at  the  left  of  his  task,  and 
lays  his  shovel  on  the  ground  along  the  front  just  behind  the 
tape.  (Fig.  8,  PI.  CLX.)  Arms  ai-e  then  unslung,  and  waist 
belts  taken  off  and  laid  on  the  ground  four  paces  in  rear  of  the 
tasks,  butts  of  rifles  towards  the  trench;  the  men  lie  down 
behind  the  shovels,  and  all  await  the  order  to  *'  commence  work.** 
The  resei-ve  of  the  working  party  is  posted  in  rear  of  the  centre 
of  the  extended  line. 

In  extending  on  approaches,  when  the  angle  of  a  zigzag 
has  been  reached,  the  order  of  forming  must  be  reversed ;  to 
the  right  instead  of  to  the  left  or  vice  versa. 

One  hundi*ed  men  can  be  extended  in  about  five  minutes. 

The  sappers  of  the  tracing  partv  return  to  camp  with  the 
first  relief.  Those  who  came  with  the  first  relief  remain  to  take 
charge  of  the  tools,  and  on  the  arrival  of  the  second  relief  place 
themselves  as  did  those  of  the  tracing  party,  assisting  also  in 

frosting  the  men  on  their  tasks.  The  tools  should  have  been 
eft  by  the  firat  relief  m  rear  of  the  trench. 

When  no  fascines  are  carried  to  form  steps  in  a  parallel,  the 
second  relief  is  extended  in  the  same  way  as  the  first. 

When  fascines  have  to  be  brought  up  {see  para.  806),  the 
working  party  must  be  formed  in  columns  oi  #36  files,  with 
ranks  at  open  order.  The  fascines  are  previously  laid  out  on 
the  ground  in  column  of  rows  (10  to  each  row),  the  fascines  in 
each  row  touching.     (Fig.  10.) 

Ten  18-feet  fascines,  when  placed  in  the  parallel,  occupy 
180  feet  of  front;  and  in  order  that  the  men  may  be  extended 
at  the  usual  5-feet  interval,  there  must  be  36  men  to  every 
10  fascines. 

The  men  are  filed  on  to  the  fascines,  each  rank  passing 
behind  a  row.  Three  men  are  then  told  off  to  each  fascine  as 
carriers.     The  remaining  six  men  of  each  row  march,  one  at 


*  The  tape  is  sometimes  marked  at  5-ft.  intervals  hj  short  pieces  of  tape  tied  to  it. 
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each  end  of  the  row,  and  one  between  every  pair  of  faBoines, 
and  cany  the  pickets. 

Instead  of  foiming  to  a  flank,  as  in  the  first  relief,  the 
column  will  be  deployed  to  the  right  or  left,  the  flank  of  the 
leading  company  resting  on  the  point  of  extension.  The 
fascines  will  be  deposited  on  the  ground  three  paces  in  rear  of 
the  excavation  made  by  the  firat  relief.  They  must  be  made 
to  butt  end  to  end,  and  great  care  must  be  taken  that  no 
distance  is  lost  in  deploying,  so  that  no  closing  need  occur 
afterwards: 

Common  Trenehwork  and  Flying  Trenchwork. 

806.  Common  Trenehwork  is  the  term  applied  to  the  mode  of  Oommon 
executing  a  trench  with  a  rough  unrevettea  earthen  parapet  in  <»en<^'^<""k* 
front  of  it.     The  working  paiiies  are  necessarily  much  exposed 
at  the  commencement  of  the  work,  and  for  this  reason  the 
method  can  only  be  employed  when  they  may  reasonably  hope  When  uMd. 
to  escape  without  much  loss  from  the  enemy's  fire,   while 
sufiicient  cover  is  bein^  obtained:   this  they  will  hardly  do 
in  less  than  an  hour  and  a  half.    The  first  parallel  and  com- 
mmiications  in  i*ear  of  it  would  usually  be  executed  by  common 
trenehwork. 

In  this  and  similar  work  it  is  advisable  to  adopt  eight^hour 
reliefs:  for  alth<»ugh  the  tasks  given  are  frequently  such  as 
might  under  favourable  circumstances  be  executed  in  four 
hours,  yet  the  liability  to  interruption  and  other  causes  make  it 
better  to  be  on  the  safe  side» 

806.  Fig.  1,  PL  CLXII,  shows  the  completed  profile  of  a  Profile  of   . 
parallel    executed    by    common    trenehwork.      The    Roman  l»»l*«l' 
numerals  indicate  the  portions  done  by  each  relief. 

The  men  are  extended  at  the  usual  interval  of  two  paces  Execution. 
(5  feet)  in  each  relief. 

In  the  first  relief,  as  soon  as  order  to  commence  work  is  Firtt  relief, 
^ven,  each  man  marks  the  front  and  left  of  his  task  with  his 

I)ick.  Leaving  a  berm  of  1  foot  6  inches,  and  working  from 
eft  to  right  of  his  task,  he  excavates  a  trench  I  foot  6  inches 
deep,  and  H  feet  6  inches  wide.  Leaving  then  another  1  foot* 
t>  inches  along  the  front  of  the  trench  already  excavated  ^to 
form  a  step),  he  deepens  the  rest  of  the  trench  to  4  feet*  Tne 
parapet  raised  to  correspond  with  the  first  stage  of  his  work  is 
1  foot  6  inches  high,  and  that  at  the  end  of  the  task  should  be 
3  feet  high  {see  Figs.  4  and  5,  Pi.  CLXII).  The  trench  is  now 
defensible,  and  also  gives  cover  from  fire  to  men  moving  along 
it  On  completing  the  task  the  tools  are  scraped  and  laid 
down  together  in  rear  of  the  excavation. 

In  using  the  pick,  great  care  mast  be  takeu  that  the  men 
swinff  the  luindle  m  a  direction  perpendicular  to  that  of  the  trench, 
as  otherwise  being  cloeelj  placed  and  probably  in  the  dark,  they 
may  damage  their  neighlwura. 

The  second  relief  have  to  widen  the  trench  4  feet,  and  to  Second  rdief, 
form  the  bottom  step  with.  sods.    (Fig.  1,  PL  CLXII)* 


230 


EXECUTION  OF  SIEGE  WORKS. 


Third  relief. 


Exirs  mra  ii 


ApproaeliM. 


Proflltf. 


Fljing  treiwli 
work. 


Whore  used. 


Tranfport  of 
the  gabionf . 


First  relief. 


They  firgt  heighten  the  parapet  to  4  feet  6  inches,  and  then 
throw  the  earth  well  over  to  thicken  the  parapet. 

The  third  relief  widen  the  bottom  or  sole  of  the  trench 
2  feet  6  inches,  and  slope  off  the  reverse,  as  steep  as  the  earth 
will  stand  (say  f ). 

The  fascines  widi  which  the  bottom  step  is  sometimes 
revetted  (Fig.  I)  are  something  brought  np  by  the  second  and 
third  reliefs,  as  described  in  para.  804,  but  usually  the  step  is 
revetted  after  the  parallel  is  completed. 

The  crest  of  the  parapet  must  not  be  higher  than  4  feet 
6  inches  above  the  ground  so  as  to  admit  of  musketry  fire 
over  it 

Whenever  extra  men  can  be  spared^  it  is  advisable  in  the 
third  relief  to  provide  one  shoveller  to  every  two  diggers,  as 
the  throw  is  both  long  and  high.  The  shovellers  should  stand 
on  the  first  step,  and  pass  on  the  earth  thrown  to  them  by  the 
diggers. 

807.  Approaches  and  communications  are  made  of  the 
section  shown  in  Fig.  3,  PL  CLXII.  Those  over  which  little 
traffic  is  likely  to  pass,  may  be  made  in  two  reliefs,  but  usually 
a  three- relief  section  is  of  advantage.  In  some  cases  they  may 
be  required  to  be  arran^d  for  infantry  fire.  They  should  then 
be  made  like  the  parallel,  with  steps. 

808.  To  diminish  the  duration  of  the  exposure  incurred 
by  a  working  party  in  commencing  trenches,  the  method  of 
flying  trenchwork  (formerly  termed  flying  sap)  is  resorted  to. 
This  consists  in  placing  a  row  of  gabions  along  the  front  of  the 
tracing  tape,  and  proceeding  to  fill  them  as  quickly  as  possible 
with  the  earth  excavated  from  the  trench;  after  which  the 
earth  is  thrown  over  them,  to  back  them  up  and  form  the 
parapet  Of  course  in  the  earlier  stage  of  the  work,  the 
jimctions  of  the  gabions  are  the  weak  points,  but  the  cover 
afforded  on  the  whole  is  undoubtedly  very  superior  to  that 
obtained  by  common  trenchwork. 

It  used  to  be  considered  that  this  method  was  applicable  to 
the  second  parallel  and  its  communications,  and  it  may  still  be 
employed  if  the  working  party  is  not  likely  to  be  soon 
discovered. 

The  gabions  required  for  the  work  should  be  carried  down 
by  a  special  party  auring  the  day  preceding  the  opening  of  the 
secona  parallel,  and  stowed  in  a  single  row  along  the  reverse  of 
the  first  parallel.  Light  gabions,  two  of  which  can  be  carried 
by  one  man,  should,  if  possible,  be  used. 

The  first  relief  parade  as  for  the  first  parallel,  and  are 
marched  to  the  engineer  depot  to  receive  their  tools,  after 
which  they  are  formed  up  in  single  rank  in  the  first  parallel, 
along  the  row  of  gabions  already  there,  each  man  standing 
opposite  a  pair  of  gabions,  in  one  of  which  (the  right),  he 
secures  his  shovel,  and  in  the  other  (the  left)  his  pick. 

The  blade  of  the  shovel  is  secured  between  two  of  the  gabion 
pickets,  and  the  point  of  the  pick  pushed  under  the  pairing  rods 
to  prevent  its  slipping. 
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When  iron  band  gabions  are  used,  the  tools  are  secured  in 
them  by  means  of  spun  yam.  These  gabions  are  light,  but  are 
noisy  to  cany,  and  give  off  splinters  if  struck. 

The  men,  each  carrying  his  two  gabions,  are  marched  in  BxteuBion. 
single  rank  to  the  point  oi  extension,  and  extended  in  rear  of 
the  tape,  as  described  in  para.  804,  in  sections  of  not  more  than 
250  men  each,  to  avoid  delay  and  straggling. 

Each  man  places  his  gabions  in  front  of  the  tape,  and  close 
to  it,  taking  care  that  they  touch  one  another,  and  that  no 
space  is  left  between  them  and  the  gabions  last  placed.  In 
this  duty  the  sappers  assist.  Each  man  then  takes  the  tools 
and  carrying  pickets  out  of  the  gabions,  places  the  tools  in  rear 
of  the  gabions,  and  lies  down. 

When  all  the  gabions  are  placed,  and  the  order  to  com- 
mence work  given,  each  man  excavates  a  task,  precisely  as  in 
the  case  of  the  first  parallel,  a  berm  of  1  foot  6  inches  being 
left  between  the  gabions  and  the  front  cutting  line  of  the 
trench. 

809.  The  profile  of  the  second  parallel  (Fig.  2,  PI.  CLXII),  Second 
and  dimensions  of  tasks  are  the  same  as  those  of  the  first  p»»llol' 
parallel,  excepting  that  the  interior  slope  of  the  parapet  stands  P~fll«  »nd 
at  ^,  and  the  length  of  the  trench  executed  by  the  first  relief  is 

4  feet  instead  of  6  feet. 

The  first  relief  fill  theii-  gabions  as  quickly  aa  possible,  and  Execution, 
then  back  them  up  by  throwing  the  eai-th  just  over  them,  so  as  First  relief, 
to  make  them  bullet-proof;  after  which  it  is  thrown  well  to  the 
front  to  form  the  parapet.     The  slo^e  of  4  is  given  by  pushing 
the  gabion  forward  at  the  top  when  it  is  half-full. 

The  second  relief  being  placed  at  the  ordinary  intervals  of  Second  relief, 
two  paces,  their  strength  snould  be  four-fifths  of  that  of  the 
first  relief :   therefore,  every  fifth  man  of  the  first  relief  will, 
after  completing  his  task,  return  his  tools  to  the  engineer  park. 

The  carrying  pickets  and  tracing  tapes  should  be  collected 
by  the  non-commissioned  officers,  and  returned  also  to  the  park. 
The  tools  left  by  one  relief  are  placed  by  the  sappers  in  rear  oi 
each  mcui's  portion,  ready  for  the  next  relief. 

In  case  of  great  exposure,  the  men  may  be  extended  imder 
cover  of  service  sap-shields,  which  are  .of  ^inch  steel,  3  feet 
6  indies  hif^h,  and  1  foot  9  inches  wide,  and  weigh  about  80  lbs. 
As  each  shield  requires  a  man  to  carry  it,  there  must  be  a  special 
carrying  party,  at  least  twice  as  strong  as  the  working  party 
required.     {See  Figs.  7,  8,  PL  CLXl.) 

810.  When  the  ground  is  imfavourable  for  excavation  on  Modification 
account  of  rock  or  water  being  found  near  the  surface,  the  of  profiles, 
profiles  before  given  must  be  altered  to  suit  each  particular  |[y^^^5^^"'^" 
case.    In  some  cases  (as  actually  did  occur  at  Sebastopol  in 

1854)  it  may  be  impracticable  to  excavate  at  all,  and  the 
parapet  must  be  formed  of  earth,  brought  up  in  baskets  or 
sandoags  from  the  nearest  point.  It  is  hardly  necessary  to 
remark  that  such  sites  are  always  avoided  unless  actual  necessity 
dictates  their  occupation. 

In  rocky  and  marshy  ground  alike,  as  the  trench  must  be  Bocky  and 
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shallower,  tho  parapet  must  have  an  unusually  high  command, 
in  order  to  give  sufficient  cover;  the  trench  must  therefore 
be  broad  enough  to  furnish  the  proper  quantity  of  earth. 
(Fiff.  6.) 

In  mardhy  grouud  eicavation  may  be  carried  on  till  the 
men  are  knee-deep  in  water.  The  profile  given  in  Fi^.  7  oflTers 
the  greatest  facihties  for  obtaining  earth  and  secUnng  good 
drainage.  Both  these  sections  are  not  much  more  than  bullet- 
proof. 

Irregularity  of  ground  not  only  affects  the  plan,  but  also 
the  profile,  of  pairauels  and  approaches.  Reverse  slopes  unseen 
from  the  fortress,  offer  the  advantage  of  providing  the  same 
cover  with  less  labour,  or  superior  cover  with  the  same  labour ; 
or  even  in  some  cases  the  cover  provided  by  nature  may  suffice. 
But,  on  the  other  hand,  when  trenches  have  unavoidably  to  be 
couHtructed  on  ground  falling  towards  the  fortress,  more  cover 
may  be  required  than  that  which  is  provided  by  the  ordinary 
profiles.     This  is  illustrated  in  Figs.  1,  2,  3,  PL  CLXIII. 

811.  To  provide  for  the  advance  of  the  guard  of  the 
trenches  over  the  parapet  of  a  parallel,  when  repelling  sorties, 
&C.,  it  is  necessary  to  make  sortie  steps  at  intervals*  (Fig&  4 
and  5,  Pi.  CLXIII.)  They  should  be  as  long  as  tbe  front  of  a 
company,  or  at  least  30  pac6s,  and  thei*e  may  be  three  or  more 
sets  according  to  the  form  of  the  ground. 

Thev  should  be  revetted  with  fascines,  boards,  or  other 
available  material,  and  are  constructed  by  a  special  party,  who 
should  commence  iVork  as  soon  as  the  last  relief  has  completed 
its  task. 

The  steps  should  be  ready  by  the  evening  of  the  first  day. 

In  a  parallel  constructed  by  flying  trenchwork,  the  first 
relief  should  commence  their  excavation  at  those  portions  where 
sortie  steps  are  to  be  made  3  feet  from  the  gabions  instead  of 
1  foot  6  inches  (Fig.  5). 

After  the  construction  of  the  first  parallel  the  question  of 
splinter-proof  accommodation,  for  the  guard  of  the  trenches  and 
as  places  for  dressing  the  Wounded,  as  Well  as  the  provision  of 
latrines,  must  be  taken  into  consideration.  Splinter  proofs  of 
a  section  similar  to  those  shown  in  Figs.  3  and  4,  PI.  XXIII, 
Chapter  I,  may  be  built  in  rear  of  the  parallel  (their  cutting 
lines  being  25  or  30  feet  behind  the  reverse  slope)  and  con- 
nected with  it  by  trenches.  The  parallel  would  be  widened  in 
order  to  furnish  the  earth  required  for  the  roof  of  the  shelter. 
The  returns  of  the  approaches  may  be  utilised  as  sites  for 
8plinter-»proof8.  These  shelters  will  have  to  be  largely  Used,  in 
order  to  protect  the  men  from  howitzef  shrapnel. 

812.  The  advanced  sentries  when  posted  in  the  open  are 
sheltered  in  small  trenches  and  pits  capable  of  holding  from 
one  man  to  a  section  of  a  company,  as  may  be  thought  desirable. 
Communication  may,  if  necessary,  be  established  between  any 
of  the  pits  or  trenches  by  means  of  any  of  the  deeper  forms 
of  shelter  trench,  given  in  Chapter  I,  para.  72,  and  Plates  XIII 
and  XIV,  along  which  men  may  creep,  or  crawl  on  hands  and 
knees.     It  is  probable  that  in  future,  against  a  well-defended 
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place,  this  method  will  have  to  be  adopted  for  the  construction 
of  the  advanced  parallels  and  approacneK  It  would  be  hardly 
possible  for  the  enemy  to  prevent  the  formation  of  independent 
rifle-pits.  Once  made  they  could  be  extended  right  and  left, 
and  when  a  communication  was  once  formed  the  working' 

Earties  would  get  some  shelter  while  enlarging  it.     The  work, 
owever,  would  not  be  done  so  fast  as  by  the  old  system  of      • 
throwing  up  trenches  in.  a  single  night*     {See  Section  732, 
Chapter  VIL) 

Sandbag  or  other  loopholes,  which  have  been  before  described  Loopholes, 
(para.  73),  are  especially  necessary  here. 

In  very  exposed  situations  the  pits  might  be  constructed 
under  cover  of  cotton-stuffed  gabions  or  steel  shields. 

See  Fig.  1,  Pi.  CLXVI,  for  details  of  a  rifie-pit  for  one  man ; 
the  objections  to  this  pattern  are  that  it  is  difficult  to  construct, 
being  deep  and  conicaL  It  would  probably  be  preferable  to 
make  such  pits  rActangular  in  plan,  and  large  enough  to 
contain  two  men  at  least. 

4 

Sapping. 

81d»  As  explained  in  para»  744,  the  advance  by  sapping  is  Sapping, 
resorted  to  when  the  fire  of  the  besieged  prevents  the  fiirther 
use  of  flying  trenchwork.  It  is  executed  by  sappers,  and  con- 
sists in  constantly  extending  the  end  of  a  narrow  trench  (after- 
wards widened  by  the  infantry)  in  the  du*ection  of  the  proposed 
approach  or  parallel,  and  throwing  the  earth  to  the  fi'ont  or 
exposed  flank  to  give  the  workmen  cover. 

The  rate  of  advance  of  saps  is  necessarily  slow  (3  to  12 
feet  an  hour,  according  to  the  soil  and  the  particular  method 
employed),  although  m  all  cases  the  maximum  rate  is  « 
sought  to  be  obtained  by  making  the  e:lcavation  executed  by 
the  sappers  a  minimum  consistent  with  the  due  covering  of  the 
party* 

When  the  parapet  has  to  be  thrown  up  on  one  side  of  the  Single  up. 
trench  only  (Fig.  6,  PI.  CLXIII),  one  party  of  sappers  is  em- 
ployed for  each  sap-head,  and  the  process  is  called  single  sap* 

When  a  parapet  is  required  on  each  side  of  the  ti'ench,  two  Double  tap. 
parties  of  sappers  work  abrecust,  and   the  process  i^i   called 
double  sap.      In  this  case,  no  widening  parties  are  required. 
(Fig.  7.) 

The  sap-head  is  protected  in  either  kind  of  sap  by  a  shifting  Head  parapet 
head-parapet  of  sand-bags ;    or  sometimes  in  the  case  of  single  o'  ecwen. 
sap  only,  oy  a  steel  sap-shield  (Fig.  8,  PL  CLXI),  pushed  on  as 
the  sap  proceeds. 

As  it  will  be  almost  impossible  entirely  to  subdue  the  fire  Beep  sap. 
firom  rifles  and  small  quick-nring  guns,  it  may  become  necessary 
to  use  a  deeper  sap  than  that  here  described.  The  principle 
of  the  excavation  would  be  the  same,  but  the  sand-bags  would 
not  be  required  at  the  head.  It  would  be  sufficient  to  throw 
some  earth  to  the  front  as  well  as  to  the  side. 

If  the  fire  is  very  hot  a  slow   advance  may  be  made  by  Adranoe  bj 
mining.  mining. 
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Double  sap  ib  chiefly  used  for  direct  adrance  upon  a  fortrera, 
and  when  the  direct  trench  has  advanced  so  far  that  the  enemy's 

Plungine  rifle  fire  can  search  its  interior  (Figs.  7  and  10, 
1.  CLXIII),  it  becomes  necessary  to  have  a  traverse  at  the 
head  of  the  sap.  To  form  this  the  latter  is  driven  at  right 
angles  to  its  original  direction  for  a  sufficient  distance  to  protect 
the  whole  width  of  the  trench ;  after  which  the  direct  advance 
is  resumed  until  another  traverse  becomes  necessary,  when 
direction  is  changed  as  before.  These  changes  may  occur 
either  always  in  one  direction  or  alternately  right  and  left,  as 
may  be  most  suitable  to  the  particular  case. 

Of  course,  the  more  plunging  the  enemy's  fire,  the  more 
frequent  must  be  the  changes  of  direction.  Under  ordinary 
circumstances  the  direct  portions  may  attain  lengths  of  50  feet 
or  more ;  in  traversing  nght  and  left  alternately,  the  ti-averses 
should  never  be  closer  to  one  another  than  will  ensure  a  tongue 
of  earth  23  feet  wide  being  left  for  the  parapet  of  the  traverse 
to  stand  on.     (Fig.  10.) 

Traversed  double  sap  will  generally  have  to  be  used  in 
advance  of  the  third  parallel. 

In  some  cases  where  more  room  for  traffic  is  desirable,  change 
of  direction  may  be  made  both  right  and  left  (Fig.  9)  simul- 
taneously, the  traverse  standing  centrally  astride  the  sap,  both 
branches  being  united  again  in  front. 

This  form  of  traverse  is  called  a  cttbe  traverse,  and  is  suitable 
for  the  first  traverse  after  breaking  out  of  a  parallel,  as  it  affords 
more  room  for  parties  of  men  to  pass  one  another. 

As  the  construction  of  traverses  much  delays  the  rate  of 
advance,  they  should  never  be  unnecessarily  made.  As  the 
temporary  head-parapet  of  sand-bags  is  only  about  2  feet  high, 
the  sappers  become  exposed  before  it  is  actually  necessary  to 
make  a  traverae,  the  parapet  of  which  is  ultimately  4^  feet 
high.  A  traverse  must  not,  however,  be  commenced  on  this 
account,  and  the  sappers  must  get  cover  for  the  time  being 
by  crouching  down  and  relieving  one  another  on  their  hands 
and  knees. 

To  protect  a  sap  against  howitzer  shrapnel  fire,  the  trench 
must  sometimes  be  covered  over  with  earth,  and  fascines  or 
sheeting,  supported  on  timber  framing.  The  sap  is  deepened 
in  order  to  provide  the  necessary  earth,  and  sufficient  nead- 
room  must  be  allowed  for  men  walking  upright.  This  is  called 
blinded  $ap.  (Fig.  8,  PI.  CLXIII.)  Short  pieces  of  blinded  sap 
can  be  used  to  form  traverses. 

In  the  execution  of  saps  their  uninterrupted  progress  is  of  the 
greatest  importance,  as  the  duration  of  the  siege  depends  upon 
them. 

To  ensure  this,  the  principle  of  double  working  parties  before 
explained  is  always  adopted  in  this  class  of  work,  and  as  every- 
thmg  depends  upon  the  exertions  of  the  leading  sapper,  the 
maximum  of  work  must  be  got  out  of  him  by  frequent  reliefs. 
The  principle  of  taskwork  also  is  here  employed  with  advantage, 
as  the  men  will  naturally  do  their  utmost  to  get  away  from  a 
position  in  which  they  are  so  much  exposed  to  fire. 
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S- 


ingle  Sap. 

814.  Single  saps  are  called  right  or  /<?/i?-lianded,  according 
to  the  side  on  which  their  parapets  are  thrown  up.  If  this  is 
to  the  left  when  facing  the  fortresg,  the  men  use  their  shovels 
with  the  right  hand  on  the  T-head,  and  the  sap  is  right- 
/landed^  and  vice  versd.  The  sap  shown  in  PL  CLaIV  is  left- 
handed. 

Plan  and  sections  of  the  sap  are  given  in  PL  CLXIV.  ^^"«^®  ■•?• 

The  sap  detachtnent  for  each  sap-head  consists  of  one  non-  Ssp  deUch* 
commissioned  officer  and  eight  sappers,  who  are  on  duty  for  a  ™*'^^' 
reUef  of  eight  hours.     They  parade  in  two  ranks,  with  rifles, 
and  20  rounds  of  ammunition  per  man  in  their  pockets. 

The  ranks  work  alternately,  relieving  each  other  on  the  com-  Tour  of  duty, 
pletion  of  each  yard  of  advance,  the  waiting  rank  making  good 
any  casuaKies ;  unless  the  detachment  is  reduced  to  less  than  four 
men,  it  will  have  to   continue   work  without  any  additional 
sappers  until  the  end  of  the  relief. 

The  four  men  in  the  sap-head  work  in  pairs,  the  front  Nos.  I 
and  2  completing  the  section  shown  in  Fig.  3,  in  which  the 
side  parapet  is  2^  feet  high,  and  thick  enough  to  resist  rifle 
bullets  (t.^.,  about  2^  or  3  feet  thick,  at  18  inches  above  the 
ground  level).  Nos.  3  and  4  widen  the  trench  and  heighten 
vne  parapet,  making  a  berm  as  shown  in  Fig.  4,  always  allowing 
Nos.  1  €md  2  nine  feet  of  start.  The  head-parapet  is  about  2  feet 
high  at  the  lowest  part,  and  is  composed  of  50  or  60  sand-bags, 
each  of  them  two-thirds  filled,  whicn  are  pulled  down  one  by  one 
as  the  sap  advances,  and  either  lobbed  over  the  others  bv  hand, 
or  placed  in  position  by  means  of  a  special  fork  provided  for  the 
purpose,  (oee  Fig.  5,  PL  CLXI.)  A  few  spare  sand-bags  are 
always  kept  readv  filled  in  a  convenient  position  in  the  trench, 
for  use  if  required. 

In  order  to  vary  the  duties  of  each  rank,  whenever  the 
waiting  rank  relieves,  the  Nos.  that  were  1  and  2  become 
3  and  4,  and,  further,  when  a  rank  has  worked  half  its  time 
(ue.j  when  the  sap  has  advanced  half  a  yard),  No&  1  and  2 
change  places. 

Na  1,  kneeliuff  or  aqnatting  to  his  work,  nndercuts  the  ground  Detail  of 
about  9  inches  in  front  of  him,  and  brings  down  the  earth  at  his  duties, 
feet  No.  2  at  onoe  takes  his  place,  and  shovels  the  earth  on  to 
the  side  parapet,  towards  the  head  of  the  sap.  Na  1  resumes  his 
place,  and  throws  or  places  the  sand-baffl  one  by  one  just  over  the 
others,  taking  care  to  preserve  a  good  bullet-proof  parapet,  until 
he  has  uncovered  about  1  foot  of  ground  at  the  sap-head.  He  then 
removes  9  inches  of  this  as  before,  and  so  the  work  £[oee  on.  No.  2 
in  addition  has  to  trim  the  slope  and  see  that  the  task  is  got  out 
to  the  proper  dimension. 

Nos.  3  and  4  throw  their  earth  obliquely  forward  towards  the 
sap-head,  and  regulate  the  height  of  the  parapet  by  means  of  an 
earth-scraper.    JSee  Fig.  4,  PL  CLXI. 

When  the  non-commissioned  officer  gives  the  word  Reltefy  all 
the  Nos.  rest  their  tools  against  the  slope  on  the  berm  side,  and 
pass  to  the  rear,  being  immediately  relieved  by  the  other  rank. 
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The  non-commissioned  officer  is  responsible  for  the  direction, 
rate  of  progress,  and  correctness  of  profile  of  the  sap. 

The  arms,  while  the  men  are  at  work,  are  laid  on  the  ground 
at  the  reverse  of  the  trench,  as  shown  in  Fig.  2. 

This  sap  advances  from  2  to  4  feet  an  hour. 

To  change  the  direction  of  a  sap  No.  1  turns  in  the  new 
direction,  and  No»  2  must  thi*ow  his  earth  to  the  opposite 
side  of  the  trench  over  the  sand-bags  of  the  old  head-parapet. 
The  latter  are  then  gradually  removed  and  placed  in  their  new 
position^  as  No.  I  works  through  the  old  side  parapet.  It  ia 
advisable  to  have  20  or  30  spare  sand*bags  ready  to  make  up 
for  those  of  the  old  head-parapet,  which  cannot  with  safety  be 
removed. 

Nos.  3  and  4  commence  widening  in  the  new  direction  as 
soon  as  1  and  2  have  ^ot  their  9  feet  of  start. 

jThe  return  of  a  zigzag,  which  should  be  10  or  more  yards 
long,  is  constructed  later  by  another  detachment  of  sappers, 
who  work  in  the  usual  way,  except  that  no  head-parapet  is 
required,  the  side-parapet  being  kept  about  1  yard  in  advance 
of  the  sap-bead. 

In  breaking  out  a  new  sap  from  a  trench  with  an  unrevetted 
parapet,  the  g^eat  object  is  to  have  the  opening  through  the 
parapet  of  the  trench  covered  as  soon  as  possible.  Assuming 
that  a  breaking  out  must  take  place  at  night,  one  or  two  men 
creep  over  the  parapet,  and  getting  themselves  under  cover  as 
soon  as  possible,  work  forward  and  backwards,  so  as  to  meet 
the  remainder  of  the  party  working  from  the  inside  of  the 
parallel. 

If  the  existing  sap  has  been  revetted,  five  or  six  gabions  are 
first  removed. 

in  breaking  out  a  new  sap,  care  must  be  taken  to  draw  the 
earth  of  the  new  sap  and  of  the  old  parapet  backwards^  and  to 
distribute  it  over  the  reverse  of  the  ola  trench,  so  as  not  to 
indicate  the  position  of  the  breaking  out  to  the  enemy  by  any 
mounds  of  earth. 

The  took  required  for  &  sap  detachment  are  : — 

For  No.  1,  a  tniuer's  pick  and  miner's  shovel ;  a  4-feet  6-inch 
gauge,  marked  at  3  feet  for  width  of  task  ;  a  sou'^ wester  hat,  or  a 
clean  sand-bag  ;  a  sand-bag  fork.     See  PL  CLXI. 

No»  2,  a  common  shovel ;  a  1-foot  6-incU  gauge  for  bottom 
width  of  task. 

No.  3,  a  common  pick  and  shovel ;  a  5^feet  gauge,  marked  at 
4  feet  6  inches  for  depth  of  the  sap. 

Na  4,  a  common  shovel  ;  an  earth-scraper,  with  9-feet 
handle. 

In  addition>  for  the  detachment,  a  6-feet  rod  for  non-oom- 
miasicned  officer  ;  four  pairs  of  knee-caps  for  Noa  1  and  2  of  both 
ranks  ;  one  pick  and  two  shovels  in  reserve  ;  one  crowbar,  one 
felling  axe,  one  bill- hook,  may  sometimes  be  required  to  remove 
rsots  and  stones. 

The  eap  is  widened  by  parties  of  infantry,  extended  as  in 
common  trenchwork,  who  do  not  approach  nearer  than  25  feet 
to  the  sap*head. 

In  the  case  of  an  approach  not  requiring  steps,  the  task  of 
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the  infantry  in  as  shown  in  Fig.  5,  PL  CLXIV.    It  is  exactly  the 
same  as  that  of  the  sappers,  and  should  be  done  in  one  rehef. 

When,  however,  the  parapet  has  to  be  made  available  for  PftralleL 
musketry  tire,  two  reliefs  are  required,  the  tasks  bein^  as  shown 
in  Fig.  5.     The  seoond  relief  forms  the  steps  as  well  as  widen 
the  trench. 

A  "  circular  portion  '*  of  sap  may  be  formed  by  the  junction  Cimilar 
of  two  curving  single  saps  broken  out  from  the  third  parallel,  portum. 
about  80  yards  apart.     These  saps  meet  some  35  or  30  yards 
from  the  parallel. 

This  may  be  used  to  work  up  the  salient  of  a  glacis  when 
the  latter  forms  a  sharp  angle,  as,  for  instance,  opposite  a 
ravelin.  Then  each  half  of  the  circular  portion  is  sheltered  by 
the  ridge  of  the  glacis  from  fire  that  would  otherwise  enfilade  it. 

From  a  circular  portion,  a  double  direct  sap  is  often  com. 
menced  for  further  advance.  The  circular  portion  is  besides 
of  use  as  a  depot,  for  the  collection  of  materials  required  in 
advance  of  the  third  parallel. 

When  on  account  of  the  presence  of  rock  or  water  near  the  Shallow  sap. 
surface  a  sap  4^  feet  deep  cannot  be  used,  it  may  yet  be  possible 
to  work  a  sap  3  feet  deep.  In  this  case  the  duties  of  the 
detachment  are  the  same,  but  Nos.  1  and  2  both  work  kneeling. 
The  cover  is  so  much  inferior  to  that  of  the  deeper  sap  that  it 
oould  probably  only  be  used  against  an  ill-armed  enemy,  or  on 
ground  falling  from  the  fortress  so  as  to  assist  in  its  defilade. 


Double  Sap. 

815.  In  double  sap  two  single  saps  are  worked  together  Double  Mp. 
side  by  side ;  the  transverse  dimensions  of  the  trench  are  there-- 

fore  just  double  those  of  single  sap,  viz.,  10  feet  at  ground  level, 
and  7  feet  at  sole.  (Fig.  7,  PI.  CLXIII,  and  Fig.  1,  PL  CLXV.) 
The  two  single  sapheads  are,  in  the  first  stage  of  execution, 
separated  by  a  tongue  of  earth  4  feet  wide,  and  some  of  the 
earth  excavated  by  Nos.  1  and  2  is  thrown  upon  it,  to  lorm  a 
parados  for  them  until  the  side  parapets  are  high  enough. 
Some  is  thrown  to  the  front  to  close  tne  space  between  the  sand- 
bag screens  at  the  sap-head.  The  tongue,  with  the  earth  on  it, 
is  cleared  away  in  the  usual  course  of  the  sap  by  Nos.  3  and  4. 

The  rate  of  advance  is  the  same  as  that  of  single  sap.  Bat«. 

The  working  party  consists  of  two  single  sap  detacnments,  Working 
with  tools  and  stores  as  before  detailed,  one  non-commissioned  pi^7>  ^« 
officer  being,  however,  sufficient. 

Arms  are  laid  against  the  slopes  of  the  trench  in  rear  of 
No.  4,  and  are  in  charge  of  the  waiting  ranks. 

816.  In  changing  direction  at  right  angles.  No.  1  of  the  Cbui^g 
pivot  flank  detachment  marks  with  two  pickets  on  his  berm  direction  at 
slope  the  width  (10  feet)  of  the  new  trench  at  the  t^p.  "*  *  •"*•*' 

No&  1  and  2  of  the  wheeling  detachment  then  come  round 
into  the  other  trench,  and  Nos.  1  and  2  of  both  parties  begin 
working  as  before,  but  in  the  new  direction,  each  detachment 
retaining  its  relative  position  on  the  right  or  left  of  the  sap  as 
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at  startiog.  Nos.  3  aud  4  clear  away  the  tougae  which  now 
separates  them  from  their  Nos.  1  and  2»  throwing  all  the  earth 
to  the  exposed  flank. 

When  a  change  of  direction  is  made  for  the  purpose  of 
traversing  the  head  of  a  direct  approach,  it  should  be  executed 
b^  single  sap  (Fig.  2,  PL  CLXV),  being  exposed  to  fire  from  one 
direction  only;  the  widening  is  done  afterwards  by  infantry, 
who  throw  the  earth  on  the  traverse  and  on  the  exposed  flank, 
which  in  this  way  are  strengthened  more  than  they  would  be 
were  double  sap  employed.  The  traverses  should  be  sufficiently 
long  to  overlap  the  sap  by  at  least  12  feet»  and  their  total 
length  wiU  usually  be  from  25  to  28  feet,  measured  along  the 
berm-cutting  line. 

By  revetting  the  comers  at  a  and  b  (Fig.  2)  with  gabions  or 
sand-bags  after  the  completion  of  the  sap,  the  maximum  of 
cover  is  afforded  to  the  straight  portions  in  rear.  For  the  same 
reason  the  parapet  from  e  to  d  should  be  kept  as  high  as 
possible. 

Blinding  Saps. 

817.  The  length  of  the  branches  of  a  direct  sap  may  be 
increased  by  blinding  the  sap  at  intervals  so  as  to  form  a  hollow 
traverse ;  the  floor  of  the  sap  is  in  these  places  deepened  to 
6  feet  6  inches  below  the  ground  level,  so  as  to  give  that 
amount  of  headway,  precautions  being  taken  for  the  proper 
drainage  of  the  sap  to  prevent  flooding  {see  Figs.  3  ana  4, 
PL  CLXV).  A  hollow  traverse  may  also  be  conveniently  made 
with  great  gallery  cases  (see  Fig.  5,  PL  CLXV).  The  length  of 
such  a  traverse  should  not  be  less  than  20  feet. 

The  uprights  of  the  blinded  portion  of  a  sap  are  about 
6  inches  m  diameter,  and  are  placed  at  central  intervals  of 
about  3  feet. 

It  is  better  to  let  their  lower  ends  rest  on  bearing  planks, 
not  less  than  2  inches  thick,  sunk  flush  with  the  floor  level  of 
the  proposed  travei*se.  These  uprights  are  not  vertical,  but 
from  a  width  of  6  feet  apart  at  bottom  slope  up  outwards  at  f . 
The  cross  baulks  or  topsills  are  notched  and  dogged  to  these 
uprights,  and,  if  required  to  hold  up  the  earth,  side  sheeting 
may  be  placed  behind  the  uprights.  Straining  pieces  (3  inches 
by  3  inches)  are  placed  between  the  uprights,  the  end  ones 
bein^  moreover  sti-utted  with  baulks  (6  inches  by  6  inches), 
which  also  rest  on  bearing  planks  let  into  the  ground.  The 
covering  may  be  sails,  sheeting,  fascines,  &c.,  and  3  feet  of 
earth  obtained  by  deepening  the  sap. 

818.  Small  shell-proof  chambers  are  required  in  situations 
near  the  advanced  working  parties,  into  which  badly  wounded 
men  may  be  taken  and  attended  to  at  once  before  being  sent 
to  the  rear.  One  to  each  attack  would  generally  suffice.  For 
this  purpose  portions  of  the  trenches  should  be  blinded  in  much 
the  same  way  as  described  for  blinded  sap.  The  end  of  a 
return  would  be  a  convenient  place  for  these  rooms,  or  an 
ordinary  field  casemate  (see  para.  105,  Chapter  I)  may  be  con- 
structed just  in  rear  of  a  parallel  and  communicating  with  it.   It 
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is  also  especially  necessary  that  latrines  should  be  conBtructed. 
They  may  be  in  the  proportion  of  one  to  every  100  men.     {See 

PI.  Cli  Y  •) 

Passage  of  the  Ditch. 

819.  The  manner  in  which  the  passage  of  the  ditch  is  Besoent  into 
carried  out  depends  on  its  nature;  the  ditch  may  be  dry  orwef,  the  ditch, 
and  in  the  latter  case  with  or  without  current.  The  nature  of 
the  counterscarp,  and  the  amount  of  exposure  of  the  crossing 
or  passage  to  flanking  fire  would  be  material  points  to  be  con- 
sidered*  In  every  case  during  the  operation  of  making  good 
a  passage  the  enemy's  fire  must  be  kept  down  to  the  utmost  by 
artillery  and  rifle  fire  on  the  defences. 

Any  powerful  flank  defences  must  be  destroyed  before 
attempting  the  crossini^,  but  it  will  not  be  possible  entirely  to 
subdue  the  fire  of  rifles  and  quick-firing  guns  or  the  curved  fire 
of  howitzers  and  mortars. 

Kf  If  the  counterscarp  has  been  blown  in  by  mines,  or  breached 
from  the  back  by  shell  fire,  a  communication  may  sometimes  be 
carried  straight  down  the  slope  of  the  breach,  the  sole  of  the 
trench  being  stepped  with  9-f  eet  fascines.  (Fig.  2,  PI.  CLX  VL) 
But  if  the  garrison  continue  to  occupy  the  work  attacked,  ana 
so  command  this  slope,  a  blinded  gallery  might  be  necessary, 
if  indeed  this  method  were  at  all  possible. 

Or  if  the  ditch  is  diy  and  there  already  exists  a  breach  in 
the  escarp,  an  assault  may  be  delivered  after  blowing  in  the 
coimterscarp  from  the  crowning  of  the  covered  way;  the 
length  of  counterscarp  blown  in  should  be  rather  more  than 
that  of  the  breach  to  be  assaulted,  and  the  charges  are  placed 
in  the  manner  described  in  Section  2  of  Chapter  YIII  on  Military 
Mining. 

Instead  of  blowing  in  the  counterscarp,  a  great  gallery  of 
descent  may  be  driven  from  the  besieger's  lodmient  down  to 
the  back  of  the  counterscarp  wall,  and  the  wall  broken  through, 
as  shown  in  Fig.  5.  The  construction  of  a  gallery  of  descent  is 
described  in  the  following  chapter  (para.  871,  &c.). 

When  the  ditch  is  £7,  the  passage  is  effected  by  means  Dijditoh. 
of  a  trench  sapped  across  it  in  the  usual  manner  (Fig.  5,  PI. 
CLXVI).  The  sap  should  be  commenced  from  the  ^eat  gaUery. 
A  parapet  of  filled  sand-ba^  or  fascines,  should  be  formed  to 
cover  No.  I,  when  commencmg  work,  from  flank  fire.  It  may  be 
necessary  to  employ  sap  deeper  than  usual,  owing  to  the  com- 
mand of  the  place.    The  sap  might  have  to  be  blinded. 

820.  When  the  ditch  is  wet,  but  there  is  no  current,  the  Wet  ditoh, 


prepared  beforehand  with  stones,  &c.,  bound  up  in  them,  to  make 
them  sink.     The  fascines  are  passed  from  hand  to  hand  by  men 

J>laced  at  intervals  along  the  gallery,  and  thrown  in  until  a  plat- 
brm  has  been  made  about  one  foot  above  the  level  of  the  water, 
of  the  necessary  width  for  the  roadway  and  parapet,  and  about 
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10  feet  long.  The  next  operation  is  to  form  a  wall  about 
6^  feet  high  of  Band-bags,  in  the  form  of  a  borse-ehoe,  to  protect 
the  front  and  flanks  from  the  enemy's  fire.  Sand-bags  only 
half-filled,  or  better  still,  small  bags  made  specially  for  the  pur- 
pose, passed  from  hand  to  hand  down  the  gallery,  are  thrown 
out  to  form  the  wall  When  the  wall  is  sufficiently  high, 
sappers  place  themselves  under  cover  of  it,  with  their  backs  to 
it,  and  throw  the  sand-bags  passed  to  them  over  their  heads. 
The  wall  having  been  completed  up  to  the  full  height  of  6^  feet, 
a  bullet-proof  shutter  composed  of  two  standards  with  steel-plates 
between  them  (Fig.  2),  is  erected  in  the  lodgment  that  has  been 
formed ;  this  protects  the  gallery  from  fire  from  the  front.  The 
causeway  miist  next  be  lengthened  by  fascines  passed  from 
hand  to  hand  down  the  gallery,  and  thrown  over  the  sand- 
bag wall  by  men  under  cover  of  it.  When  the  causeway  has 
been  advanced  5  or  6  feet,  the  front  wall  is  moved  forward  by 
men  ^adually  removing  the  sand-bags  from  the  inside,  and 
throwmg  them  more  to  the  front  and  sides,  more  sand-bags 
being  required  for  the  latter. 

The  front  wall  of  sand^bags  having  advanced  about  8  feet 
from  the  counterscarp,  the  side  walls  are  revetted;  two 
6-feet  fascines  are  laid  on  both  sides,  and  three  gabions  placed 
vertically  on  them,  filled  and  backed  with  sand-bags;  these 
gabions  should  be  41  feet  high,  specially  constructed  for  the 
purpose.  On  them  E^iould  be  placed  two  fascines  and  a  third 
on  top  of  all  (Fig.  3,  PL  CLX  Vll) ;  the  standards  should  then  bo 
moved  forwards,  and  baulks  laid  across  from  side  to  side.  The 
blinding  is  then  completed  by  means  of  sandbags  on  top. 

The  time  occupied  in  the  passage  of  a  ditch  would  depend 
much  on  the  fire  of  the  enemy,  and  also  on  the  facility  with 
which  the  materials  required  for  the  roadway  and  parapet  were 
brought  to  the  spot.  The  operation  may  be  facilitated  by 
driving  a  return,  from  XO  to  15  feet  in  length,  on  each  side  of 
the  great  gallery,  behind  the  revetment  of  the  counterscarp, 
(Fig.  5,  PI.  CLXVII),  the  earth  being  thrown  into  the  ditch  to 
assist  in  forming  the  causeway. 

At  Antwerp  in  1832,  much  time  was  saved  by  constructing 
two  galleries  of  descent,  one  of  which  was  used  tor  building  the 
parapet  and  the  other  for  the  roadway.  . 

821.  When  the  wet  ditch  has  a  current,  the  passage  must  be 
effected  either  by  a  floating  bridge,  or  by  a  causeway  with 
openings  in  it,  for  the  water  to  flow  through.  The  operation 
will  be  a  very  difficult  one.  The  floating  portion  should  be  of 
such  a  natru-e  as  not  to  suffer  great  loss  of^  buoyancy  from  the 
effects  of  the  enemy's  fire. 

The  most  practicable  method  with  a  strong  current,  appears 
to  be  to  construct  a  causeway  of  a  sufficient  number  of  layers 
of  open  cylinders,  with  their  axes  in  the  direction  of  the  current. 
(Fig.  4,  PL  CLXVII.)  Each  cylinder  is  made  of  gabions  or 
headless  casks,  placed  end  to  end  and  lashed  together.  The 
cylinders  are  carried  down  the  gallery  in  succession,  weighted 
by  means  of  shot,  stones,  &c.,  in  sand-bags ;  launched  endways, 
hauled  into  position  by  means  of  guy-ropes  at  each  end,  and 
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sunk.  Layer  after  layer  is  sunk  until  the  upper  one  appears 
above  the  water,  when  the  interstices  are  filled  up  with  fascines, 
and  a  roadway  formed  by  more  laid  at  right  angles  to  them. 

A  floating  mask  may  be  necessary  for  the  protection  of  the  Floating 
men  forming  the  head  of  the  bridge.     The  mask  should  be  of  "■*• 
planks  covered  with  steel  plate.     It  is  placed  on  a  floating  raft 
of  logs,  manoeuvred  by  two  sappers.     The  raft  may  be  composed 
of  two  layers  of  splinter-proofs  (9"  x  6"),  put  together  m  the 
gallery,  and  launched  out,  after  which  the  mask  must  be  placed  • 
on  it  and  secured  by  stays. 

As  the  work  proceeds,  a  parapet  must  be  erected  on  the 
causeway  imder  cover  of  the  mask,  to  protect  the  men  from  the 
flank  fire  of  the  enemy.  It  should  always  be  remembered  that 
even  if  a  parapet  be  not  bullet-proof,  it  affords  great  protection 
to  men,  as  it  screens  them  from  sight. 

822.  A  lodament  on  a  captured  work  is  usually  executed  Lodpnenton 
by  flying  trenchwork  by  a  working  party  which  follows  close  ^^  Di»*oh. 
upon  the  heels  of  the  storming  coliunn. 

A  position  for  riflemen  is  first  established  on  the  summit  of 
the  breach  (Figs.  3,  4,  PI.  CLXVl),  and  from  this  the  lodgment 
may  be  extended  by  sap  (either  single  or  double,  according  to 
circumstances)  in  the  terreplein  (Fig.  3)  or  on  the  parapet  of 
the  captured  work. 

Any  traverses  on  the  ramparts  will  be  found  to  be  of  service 
in  the  extension  of  lodgments  (Fig.  4),  care  being  taken  first 
to  discover  whether  they  are  mined. 

The  communications  which  give  a  passage  up  the  breached 
escarp  covered  from  the  fire  of  flanking  works,  are,  as  in  the 
case  of  counterscai*ps,  most  easily  made  straight  up  the  slope. 


Section  3.— Siege  Batteries. 

823.  The  distances  from  the  fortress  at  which  the  batteries,  Diflerence 
both  of  the  first  and  second  artillery  positions  are  placed,  as  between  the 
well  as  their  systematic  arrangement,  have  already  been  dis-  geconT 
cussed  in  Chapter  VII.  Artillery 

In  the  fii-st  position,  the  distance  from  the  foiiress  and  the  positions, 
very  wide  choice  of  sites  for  batteries  will  in  most  cases  allow 
the  besiegers  to  constnict  them  at  leisure,  undiscovered  by  the 
enemy,  and  even  make  it  difiicult  for  him  to  distinguish  them 
clearly  after  they  have  opened  tire.  In  the  second  position,  it 
will  often  be  impossible  to  obtain  any  natural  cover  or  screen, 
and  it  will  be  of  the  utmost  importance  that  batteries  should 
be  made  and  armed  in  the  course  of  a  single  night. 

Batteries  are  broadly  distinguished,  according  to  their  con-  Eleraicil  and 
struction,  as  elevated  or  sunken  :    elevated,  if  the  gun-platforms  f''"]'^'? 
are  on  or  above  the  surface  of  the  ground  ;  .sunken,  if  they  are 
below  it. 

It  is  evident  that  the  less  the  height  to  which  the  parapet 
has  to  be  raised  above  the  ground,  the  less  labour  there  is  in 
constructinff  it :  and  that  it  can  be  made  more  rapidly  if  the 
earth  for  it  is  obtained  both  from  front  and  rear.    Hence  sunken 

(8250)  R 
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batteries  are  generally  t^)  be  preferred,  and  they  will  almost 
invariably  be  used  where,  as  in  the  second  artillery  position,  the 

{parapets  must  be  thick  and  must  be  quickly  thrown  up.  But 
or  unexposed  sites  in  the  first  artillery  position,  where  the 
parapets  maybe  thinner  and  more  deliberately  formed,  elevated 
batteries  have  less  disadvantage ;  and  they  are  also  easier  to 
drain.  Wheie  the  surface  itself  is  rocky  or  swampy,  elevated 
batteries  are  a  necessitjy,  and  thev  might  have  to  be  used  also 
where  intervening  objects  woula  impede  the  fire  of  guns  in 
sunken  batteries. 

General  824.  The  general  requirements  of  a  siege  battery,  whether 

leqnirementa.   sunken  or  elevated,  are  as  follows : — 

(1)  A  space  of  15  feet  wide  by  20  to  25  feet  long  for  the 

working  of  each  gun,  provided  with  a  suitable  plat- 
form. In  the  case  of  pieces  mounted  on  disappearing 
(hydro-pneumatic)  carriages,  as  the  latter  do  not 
recoil,  the  depth  of  the  gun-portions  might  be 
reduced.  » 

(2)  A  parapet,  30  feet  thick  at  short  ranges  (within  one 

mile),  but  tliinner  as  the  range  increases,  because  less 
likely  to  be  hit,  and  at  least  7  feet  6  inches  higher  than 
the  terreplein. 

(3)  Traverses  to  localise  the  effect  of  the  enemy's  fire,  and 

thick  enough  to  resist  the  bursting  of  a  shell  in  them. 
It  is  best  to  have  only  single  gun-portions  between 
each  pair  of  traverses, 

(4)  Sufficient  shell-proof,  or  at  least  splinter-proof  cover  for 

the  gun  detachments. 

(5)  A  screen,  natural  or  artificial,  in  front  of  the  battery. 

(6)  Magazine  accommodation  for  24  houins'  expenditure  of 

ammunition  at  the  highest  rate  of  firing,  and  also  small 
expense  recesses  for  the  immediate  supply  of  the 
guns.  For  ordnance  firing  large  charges  one  maga- 
zine to  every  two  pieces  will  be  required.  Hence  it 
is  better  not  to  have  more  than  four  pieces  of  this 
nature  in  any  one  battery.  For  the  lighter  pieces  one 
magazine  may  probably  serve  for  three  pieces,  and  in 
this  case,  when  it  would  be  of  advantage,  the  number 
of  pieces  in  any  one  battery  might  be  increased  to  six 
in  number. 

(7)  Easy  means  of  arming,  either  (in  the  case  of  sunken 

batteries)  by  ramps  to  each  gun  portion,  or  by  a  trench 
railway. 

(8)  A  look-out  place  for  noting  the  effect  of  the  fire,  and 

warning  of  danger,  should  be  constructed  in  the 
battery  as  well  as  in  other  advanced  positions,  well  to 
the  flanks  of  the  battery,  for  the  same  purpose.  These 
last,  when  out  of  hail  of  the  battery,  should  be  placed 
in  telephonic  communication  with  it. 

Sunken  825.  Plates  CLXVIII  and  CLXIX  show  a  sunken  battery 

hatuaj :  designed  for  the  second  artillery  position,  and  capable  of  being 
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constructed  in  two  short  reliefs  of  four  houra  each,  with  the  Mifllery 
exception  of  the  excavation  for  the  spHnter-proofs,  and  an-  P<^***<>"- 
chorages  for  such  guns  as  require  them.  Previous  to  the 
construction  of  the  battery,  the  stores  and  material  required 
would  be  collected  and  placed  under  cover  as  close  to  the  site 
of  the  battery  as  possible.  The  tracing  of  the  battery  is 
usually  carried  out  m  the  dusk  of  the  evening  on  which  the 
**  central "  (or  splinter-proof)  trench  is  executed. 

The  excavations  for  the  central  trench,  4  feet  deep,  for  the 
splinter-proofs  between  the  gim-portions,  is  done  the  night  before 
the  battery  is  made,  the  earth  thrown  out  being  hidden  by  the 
parallel  or  screen  behind  which  the  battery  is  situated.  If  the 
earth  cannot  be  screened,  or  for  some  other  reason  the  trench 
cannot  be  excavated  in  advance,  the  splinter-proof  timbers  form-  ' 
ing  the  roof  should  be  laid  on  the  gi'ound  in  position,  resting 
on  bearing  planks,  and  the  passage  mined  out  after  the  com- 
pletion ot  the  battery.  It  is  desirable  to  deepen  the  central 
part  of  the  passage  to  5  feet  6  inches,  if  the  soil  is  suffi- 
ciently stiff,  to  give  more  headway  and  form  a  convenient  seat. 

None  of  the  sides  of  the  excavation  are  revetted  at  first,  this  Bayetmenl. 
being  done  afterwards  as  required.  The  sides  of  the  splinter- 
proof  passages  can  be  revetted  with  mining  frames  and 
sheeting,  if  necessary.  This,  when  the  earth  is  soft,  would 
usually  be  done  by  sappers  in  the  second  relief  of  the  night  on 
which  the  central  trench  was  excavated.  After  the  splinter- 
proof  timbers  are  laid  in  place,  tlie  work  on  the  passages, 
ammunition  recesses,  &c.,  can  be  carried  on  by  day.  Shell 
ledges  in  the  passages  can  be  formed  by  laying  down 
planks,  10  or  12  feet  long,  as  shown  in  PI.  CLXIX  {d  d  d  rf),  and 
anchorages,  for  those  pieces  that  require  them,  must  also  be 
prepared  on  this  night.  On  the  following  night  the  battery  is 
completed.  Its  teiTcplein  is  sunk  3  feet  6  inches  below  the 
ground,  as  that  depth  is  found  to  give  suitable  dimensions 
for  the  taaks.  The  gun-portions  are  excavated  entirely  in 
the  first  relief,  by  placing  two  rows  of  diggers  back  to  back. 
The  earth  is  thrown*  on  to  the  traverse  portions,  which  are 
made  30  feet  wide,  in  order  that  the  earth  may  not  accumulate 
on  them  too  quickly  for  the  shovellers,  who  have  to  pass  it  on 
to  the  parapet.  In  the  first  reUef  half  the  width  of  the  front 
ditch  is  also  excavated,  and  a  width  of  7  feet  6  inches  of  the 
rear  trench,  being  the  rear  part  of  it,  which  will  afford  room  for 
a  trench  railway.  The  object  of  this  is  that  the  gun-platfonns 
may  be  laid,  and  the  batteries  armed,  in  the  course  of  the 
second  relief. 

During  the  second  relief  the  further  half  of  the  ditch  is 
excavated,  and  the  rear  trench  is  widened  by  3  feet  behind  the 
traverses,  completing  the  battery. 

The  earth  from  the  rear  trench,  thrown  on  to  the  traverse 
portions  and  shovelled  forward,  goes  to  increase  the  front 
parapet. 

The  red  Hues  in  PL  CLXIX  indicate  the  tasks  for  the  diggere  Bx«cution  o£ 
in  each  relief,  assuming  the  central  trench  to  have  been  already  batteiy. 
excavated.    In  the  communication  trench  two  diggers  in  rear 
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of  the  gun-portions  throw  to  the  rear,  this  does  for  filling  sand- 
bags to  crown  the  gun-portions;  the  rest  throw  on  to  the 
traverse  portions. 

One  shoveller  is  required  for  every  two  diggers  in  the  front 
ditch,  and  elsewhere  a  shoveller  should  be  placed  at  anj  angle 
where  the  earth  is  Ukely  to  accumulate. 

The  battery  should  be  ready  for  the  artillery  in  about  six 
hours  from  the  commencement  of  work.  To  ensure  this  result, 
the  best  men  should  be  employed  about  the  gun-portions  and 
the  rear  trench. 

The  following  is  the  detail  of  infantry  working  parties  by 
gun-portions,  including  traverses  : — 


First  Belief. 

Total 

Second  Belief. 

• 

P 

» 

1 

1 
J 

ID 

Total. 

l$t  Night,    Central  trench  fori 
each  gun  portion  J 

9 

— 

9 

6 

— 

6 

2nd  Night. 

IntermedUtefJ^r^Jitf'V        - 
Chu..portion/  I^X'^-       i! 

n.««  ™I;««  '  Gun-portion      .. 
Oun.portion.]^^^^„^j^ 

9 
10 
12 

17 
10 
18 

6 
6 

8 
6 

^  59 

9 

8 

18 

6 

6 
2 
9 
3 

J 

.  36 

Total,  for  a  i-Gun  /  iBt  Night  . . 
Battery           ..  \2ud     „ 

36 
152 

50 

36 
202 

24 
72 

38 

24 

110 

Working  parties  for  magazines  and   platforms  must  be  reckoned  in  addition. 
Also  the  superintending  N.C.O.'s  and  the  reserves. 

826.  A  lighter  battery  of  this  type  caQ  be  made  for  distant 
positions,  by  reducing  the  communication  in  rear  to  4  feet  and 
the  traverses  to  20  feet  in  width,  and  making  the  parapet 
about  15  feet  thick  at  the  top. 

Still  further  to  lessen  the  work,  or  to  reduce  the  extent  of 
frojit  of  the  battery,  the  pieces  may  sometimes  be  placed  by 
pairs  between  the  traverses. 


Natural 
screens. 


By  accidents 
of  surface. 


Battery  Screens, 

827.  It  has  been  already  observed  that  the  ground  itself, 
either  by  its  form  or  the  accidents  of  its  siurface,  can  be  made  to 
afford  concealment  to  the  more  distant  batteries  both  during 
their  construction  and  subsequently. 

Walls,  hedges,  etc.,  answer  the  same  purpose:  the  former 
should  be  cleared  away  when  the  battery  opens  fire,  on  account 
of  the  splinters.  By  building  a  battery  within  the  edge  of  a 
wood,  and  only  clearing  away  enough  of  the  foliage  to   make 
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free  both  the  line  of  viedon  and  the  path  of  the  projectiles,  iti 
exact  position  may  long  remain  undiscovered. 

828.  Where  natural  screens  are  wanting,  artificial  screens  Artificial 
may  be  formed  by  transplanting  hedges,  heaping  together  •croeni. 
brushwood,  or  putting  up  a  line  of  hurdles  or  canvas  screens.* 
But  in  the  nearer  positions  it  will  generally  be  necessaiy  to 
have  recourse  to  eai*tben  parapets,  and  such  screens  have  the 
advantage  of  being  almost  indistinguishable  from  the  battery 
when  looked  at  from  the  fortress,  and  of  intercepting  a  large 
proportion  of  the  shells  aimed  at  the  battery.  The  screen 
should  be  at  varying  distances  in  front  of  the  battery,  but  not 
nearer  than  50  yards.  In  making  artificial  screens,  for  pieces 
that  require  to  be  laid  on  the  object  fired  at,  the  line  of  sight 
must  just  clear  the  top  of  the  screen  (to  allow  for  lateral  train- 
ing) ;  for  indirect  or  high-angle  fire  the  screen  shoxdd  be  kept 
as  hi^h  as  possible. 

Theyjshould  extend  well  beyond  the  fianks  of  the  battery 
to  ensure  concealment. 

When  made  glacis-shaped,  screens  are  more  difficult  to 
destroy  than  when  shaped  as  an  ordinary  parapet,  but  unless 
accidents  of  the  groimd  favoiu*  such  a  construction,  it  would  be 
difficult,  in  most  cases,  to  make  them  of  the  glacis  shape. 

The  portion  of  a  screen  in  front  of  a  battel  y  may  be 
revetted  with  gabions  in  order  to  keep  up  its  height ;  this  is 
especially  necessaiy  if  the  work  going  on  behind  it  is  inteiTupted 
from  any  cause,  and  Has  to  be  continued  on  the  following  night; 
in  which  case  the  battery  itself  may  be  left  with  its  parapets 
not  up  to  their  full  height,  to  lessen  the  chance  of  the  enemy 
seeing  it. 

Screens  may  be  executed  like  ordinary  parallels ;  the  width  Execution, 
of  the  trench  of  the  portions  not  in  front  of  the  battery, 
executed  usually  by  common  trenchwork,  need  not  in  general 
be  gi*eater  than  that  which  can  be  done  in  one  relief,  unless 
it  is  intended  to  bring  the  guns  up  along  it.  The  portion  in 
front  of  the  battery  must  be  got  out  to  the  full  width,  in  order 
to  increase  the  thickness  of  the  parapet  for  resisting  shells. 

In  the  case  of  a  screen  being  used  as  a  communication  to  a  Commnnica* 
battery,  it  must  be  connected  with  the  rear  trench  of  the  battery  {^^V^^*^ 
at  one  or  both  ends,  bv  trenches  defiladed  from  the  fortress  like         ^^' 
the  approaches. 

The  labour  required  for  long  lines  of  screen  may  prevent 
their  being  used  in  all  cases.  But  now  that  the  system  of 
reverse  laying  has  been  perfected,  it  is  probable  that-screens, 
affording  so  great  a  protection  to  the  battei-y,  will,  whenever  it 
is  possible,  be  made  for  all  batteries.  When  made  it  is  important 
to  recollect  that  strength  is  more  to  be  desired  in  the  screen 
than  in  the  battery  itself;  until  the  latter  is  exposed  by  the 
cutting  down  of  the  screen  it  will  be  difficult  to  hit  it.  As 
before  stated,  the  more  nearly  the  form  of  the  screens  approxi- 


*  Boriiig  the  war  of  1870-71,  ground  was  broken  unp^eeiTed  behind  a  screen 
of  large  snow  bills. 
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mates  to   that  of  a  glacis  in  front  of  the  battery,  the  more 
difficult  it  will  be  to  destroy  it. 

In  the  experiments  at  Dungeness  in  1882,  the  8-iuch  B.M.L. 
howitzer  of  70  cwt.  cut  through  a  30-foot  parapet  in  six  effective 
rounds  of  common  shell  (direct  action  fuzes),  at  1,200  yards 
range. 

Modifications  of  Batteries. 

829.  When  a  battery  for  direct  fire  has  to  be  constructed 
in  an  existing  parallel  or  on  a  restricted  site,  such  as  a  narrow 
ridge  or  dyke,  so  that  the  lines  of  fire  of  its  guns  are  forced  to 
make  with  the  general  direction  of  the  parapet  an  angle  more 
acute  than  80  degi*ees,  the  gun-portions  must  be  placed,  as  it 
were,  in  direct  echelon,  the  perpendicular  distance  between  the 
lines  of  fire  being  never  less  than  in  the  ordinary  battery,  and 
the  maximum  thickness  of  parapet  allowable  being  always 
preserved  at  the  weakest  point,  a.  This  construction  is  called 
indented.  The  obliquity  of  the  line  of  fire  should  never  exceed 
45  degrees. 

When  batteries  are  constructed  on  sloping  ground,  the 
profile  in  general  may  be  modified  as  before  described  for 
trenches;  the  platfonn  itself  must,  however,  always  be  laid 
in  one  uniform  way  (paras.  834  to  839).  To  prevent  the 
parapets  from  slipping  on  very  sloping  ground,  it  is  usual  to 
cut  the  surface  into  terraces  about  3  feet  broad.  When  the 
battery  is  on  a  hill-side  sloping  from  flank  to  flank,  care  must 
be  taken  to  make  each  gun-portion  level  in  cross-section. 

In  foi-ming  a  battery  behind  the  crest  of  a  hill,  the  gun 
spaces  are  cut  out  of  the  reverse  slope  of  the  hill  to  such  a 
depth  that  a  shallow  groove  cut  through  the  crest  of  the  hill 
admits  of  the  gun  firing. 

830.  A  portion  of  a  parallel  can  be  converted  into  a  battery, 
when  the  line  of  fire  is  to  be  pei*pendicular  to  the  crest,  or 
nearly  so,  by  widening  the  trencn,  cutting  away  the  steps,  and 
introducing  traverses  with  blindages  between  the  guns.  The 
parapet  of  the  parallel  must  be  thickened  by  diggers  in  front  as  in 
the  sunken  battery.  PI.  CLXX  explains  the  construction.  This 
invc»lves  much  less  labour  than  a  battery  on  unbroken  ground, 
but  the  protection  of  a  screen  is  lost,  unless  a  screen  is  specially 
made  in  front  of  the  parallel.  Owing  to  the  amount  of  earth 
that  has  been  thrown  out  to  form  the  parallel,  the  traverses 
have  to  be  reduced  in  thickness  to  20  feet  or  less.  The  com- 
munication is  carried  behind  them  with  a  curve  of  such  a  radius 
as  to  admit  of  the  easy  working  of  the  trench  railway. 

All  the  work  that  can  be  done  under  cover  of  the  parallel 
should  be  executed  beforehand  by  sappers,  such  as  cutting 
away  the  steps  and  revetting  the  slope  so  formed,  and 
revetting  the  interior  slope  of  the  parapet,  if  it  has  been  made 
by  common  trenchwork.  The  revetting  may  be  formed  of 
planking,  hurdle-Avorfc,  gabions,  sand-bags,  &c.,  and  the  gabions 
forming  the  traverses  are  anchored  by  means  of  wire  and 
pickets. 
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The  conversion  can  then  be  aocomplifihed  in  two  reliefs  by  Working 
infantry  parties  of  the  following  strengtn  : —  V^^ 


First  Relief. 

Total. 

Second  Belief. 

• 

e 

1 

• 

§ 

Total 

% 

1 

i 

1 

5 

o 

02 

1 

'Front  ditoh 

7 

2 

9 

7 

2 

9 

For    1  gun 

ipace  and  two  <  Gun-portion 

6 

4, 

10 

1  • 

•  • 

•  • 

half  traverses 

Bear  trench 

9 

•  t 

9 

2 

4. 

6 

Total 

•  • 

•  • 

28 

•  • 

•  • 

16 

As  the  work  behind  the  parallel  does  not  show  to  the  front 
if  the  crowning  sand-bags  be  omitted,  the  front  ditch,  in  the 
absence  of  strong  enough  working  parties,  may  be  executed  on 
the  next  or  some  subsequent  night. 

831.  Batteries  constructed  on  the  crowning  of  the  covered  Batteries  on 
way  would  usually  have  their  traverses  made  during  the  pro-  *^®  glacis, 
gress  of  the  crowning  sap,  so  that  the  chief  work  to  be  done 
in  converting  the  crowning  into  a  battery  would  be  the  widen- 
ing of  the  trench  towards  the  rear  sufficiently  to  admit  of  the 
laying  of  the  platforms.  Owing  to  the  depth  of  the  sap  and 
the  height  of  the  parapet,  something  in  the  nature  of  an 
embrasure  would  be  required  for  the  gun  to  fire  through;  this 
would  be  constructed  by  sapping  through  the  parapet,  one 
man  kneeling  being  at  first  employed  throwing  the  earth 
outwards  and  to  the  front  as  a  screen,  and  afterwards  two  men« 
as  the  splay  of  the  embrasure  increases  the  space  available 
for  workmg  in.  The  cheeks  should  be  revetted  with  sand-bags 
covered  with  hides,  placed  in  position  under  cover  of  the  earth 
screen  in  front,  a  sufficient  thickness  of  earth  being  left  for  the 
purpose,  and  afterwards  removed  when  the  guns  are  ready  to 
open  fire,  either  by  being  dug  out  in  the  night  or  blown  away 
by  the  fii-ing  of  the  guns. 

Such  a  battery  would,  of  course,  have  no  front  ditch,  and 
any  overhead  cover  in  connection  with  it  woidd  be  of  the 
nature  of  blinded  sap,  or  a  small  length  of  gallery  mined  out  in 
the  traverses.  It  should  be  borne  in  mind  that  when  a  battery 
is  consti-ucted  in  this  position,  the  fire  of  the  place  bearing  on 
the  front  attacked,  both  artillery  and  rifles,  must  have  been  almost 
entirely  subdued.  Owing  to  the  accuracy  and  power  possessed 
by  howitzers  for  breaching  purposes,  this  kina  of  battery  will 
hardly  ever  be  necessary  in  future. 
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Details  of  Batteries, 

832.  Figs.  1  and  2,  PI.  CLXXI,  show  mountings  of  the  types 
used  in  siege  batteries.  Fig.  1  gives  the  travelling  siege 
carriage  for  the  8-in.  70-cwt  R.M.L.  howitzer.  It  admits  of  an 
angle  of  elevation  of  35  degrees.  It  is  not  arranged  to  fire 
over  a  high  parapet  except  at  elevation,  as  the  howitzer  would 
always  be  used  for  curved  fire. 

For  travelling  the  buffer  is  fixed  in  the  position  shown  by 
the  dotted  lines,  and  the  howitzer  is  moved  back  into  the 
travelling  trunnion  holes.  The  other  howitzers  are  mounted  in 
a  similar  manner. 

Fig.  2  gives  the  travelling  siege  overbank  carriage  for  a 
4-inch  B.L.  gun.  This  admits  of  30  degrees  elevation,  but  since 
a  gun  is  primarily  intended  to  fire  as  direct  as  possible,  it  is 
arranged  for  use  with  a  high  parapet  so  as  to  give  as  much 
protection  as  possible  to  the  gun  detachment. 

The  5-inch  B.L.  gun  ha43  a  carriage  of  almost  the  same 
dimensions. 

The  40-pr.  and  25-pr.  R.M.L.  also  have  overbank  carriages, 
but  not  quite  such  high  ones,  giving  6  feet  2^  inches,  and  6  feet 
height  to  the  axis  of  the  guns  respectively,  instead  of  6  feet 
6  inches,  as  in  the  case  of  the  4-inch  B.L. 

The  ()'6-inch  R.M.L.  gun,  of  which  there  are  a  few  in  the 
service,  fires  over  a  7-feet  3-inch  parapet  from  a  travelling  H.P. 
siege  carriage,  giving  a  maximum  elevation  of  12  degrees. 
(PL  CLXXIL) 

The  6-incn  B.L.  gun  will  have  a  disappearing  moimting 
firing  over  an  S^feet  parapet.  In -general  arrangement  it  wifl 
somewhat  resemble  the  carriage  for  the  6'6-inch  R.M.L. 

It  is  probable  that  the  4-inch  and  5-inch  B.L.  will  be 
similarly  pro\'ided,  for  use  in  especially  exposed  situations.  It 
is  unlikely  that  these  carriages  will  entirely  supersede  the 
overbank. 

The  6-inch  B.L.  howitzer  will  probably  be  fired  off  a  travelling 
carriage,  and  the  8-inch  B.L.  howitzer  off  a  special  bed. 

833.  The  guns  of  the  siege  train  being  adapted  for  over- 
bank  fire,  embrasures  are  not  required.  The  parapet  has,  it  is 
true,  to  be  kept  lower  where  the  guns  fire  over  it,  the  height 
of  sill  for  guns  on  overbank  caniages  being  5  feet  6  inches 
(whereas  for  gmis  on  travelling  carriages  it  is  3  feet  6  inches) ; 
but  when  the  range  requires  a  little  elevation  to  be  given  to  the 
gun,  the  surface  of  this  depression  may  counterslope  upwards,  as 
in  Fig.  4,  PI.  CLXVIII,  so  that  no  difference  of  level  is  apparent 
from  the  front.  Where  this  is  not  the  case,  the  depression 
should  be  of  the  nature  of  a  scoop  taken  out  of  the  parapet, 
with  undefined  outline,  into  which  the  muzzle  of  the  gun 
fits.  The  use  of  embrasures  opening  to  the  front  is  not 
peiTnifisible;  for  field  and  position  guns  placed  for  flanking 
purposes  they  may  be  (»f  use  when  the  embrasure  does  not 
show  to  the  front. 

834.  After  the  gun-portions  in  a  siege  battery  have  been 
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excavated,  it  is  necessary  to  lay  platforms  for  the  guns  to  be 
worked  on.  There  are  several  modifications  of  platforms  which 
may  be  adopted,  according  to  the  material  available  for  the 
purpose. 

The  object  to  be  attained  is  to  provide  a  deck  or  floor  on  Requirements 
which  the  giins  may  be  worked  with  facilitv,  which  will  be  °^ "  platform. 
sufBciently  stiff  to  resist  the  shock,  and  which  can  readily  be 
repaired  if  injured  by  the  firing  of  the  guns. 

It  must  be  borne  in  mind  that  great  weights  have  to  bo 
handled  on  siege  platforms,  and  that  the  necessarily  confined 
space  in  which  the  gun  detachment  has  to  work  soon  makes 
the  ground  into  mud  in  bad  weather,  which  is  brought  on  to 
the  platforms  and  gives  additional  labour  to  the  gunners.  It  is 
therefore  a  point  to  be  studied  to  drain  thoroughly  the  spaces 
on  each  side  of  the  platform,  and,  where  opportunities  offer,  to 
deck  or  floor  the  whole  surface  of  the  gun  emplacement  and 
some  space  in  rear  of  it. 

835.  The  tooodj  siege^  ground^  donble^decked  platfo7*my  Fig.  1,  Double- 
Pi.  CLXXIII,  consists  of  two  layers  of  3-inch  planks,  the  bottom  ^f^f^ 
layer  being  parallel  to  the  line  of  fire  and  the  top  layer  at  right  ^     ^"°' 
angles  to  it.     Under  the  bottom  layer  are  placed  four  transverse 
planks  similar  to  those  of  the  top  layer,  one  at  the  front,  another 
at  the  rear,  and  the  other  two  dividing  the  distances  between 
them.     The  layers  are  connected  together  by  5-inch   coach 
screws  through  both  ends  of  each  of  the  tranverse  planks. 

The  platform  is  laid  at  a  slope  of  -g^,  falling  to  the  front, 
except  for  £.M.L.  howitzers  when  it  is  laid  level.  A  clear  space 
of  1  foot  between  its  firont  and  the  foot  of  the  interior  slope 
is  left  to  faciUtate  reverse  laying,  to  prevent  d^^bris  shaken 
down  by  the  shock  of  discharge  from  falling  on  the  platform, 
and  for  convenience  of  drainage. 

A  party  of  six  Bappers  should  lay  this  platform  in  ^m  one  to  Time  and 
two  hours,  assuming  that  the  terreplein  hais  been  properly  got  out  men. 

A  central  pivot  is  fixed  to  the  platform  for  all  siege  Pirot  plate, 
carriagee^  fitted  with  hydraulic  buffers.  The  pivot  plate  is  a 
circular  steel  casting  with  a  socket  m  the  centre,  to  suit  either 
a  forged  steel  pivot-plug,  to  which  the  hydraulic  buffer  is 
secured,  or  a  cast  steel  raoial  arm  for  B.L.  g^ns  on  overbank 
carriages.  It  is  secured  in  position  by  twelve  bolts  which  pass 
through  the  planks  and  are  secured  by  a  washer-plate  under- 
neath, and  screw  nuts  on  the  top. 

The  centre  line  of  the  platfoim  is  marked  by  two  pickets  Mode  of 
driven  on  the  line  of  fire  18  feet  apart,  the  front  picket  being  ^^J^^i- 
1  foot  clear  of  the  base  of  the  interior  slope.  Six  feet  on  either 
side  of  this  line  four  more  pickets  are  driven  to  mark  the  comers 
of  the  platform.  The  front  transverse  plank  is  then  placed  in 
position,  being  sunk  its  own  depth  in  the  floor  of  the  gun- 
portion  ;  the  rear  transverse  plank  is  then  laid  and  brought,  by 
means  of  one  of  the  long  planks  used  as  a  straight-edge,  to  a 
slope  of  ^,  or  level,  as  the  case  may  be ;  the  other  two  trans- 
verse planks  are  then  laid  in  the  same  slops,  aqd  finally  the 
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spaces  between  these  planks  are  filled  in  and  well  i-ammed.  The 
longitudinal  planks  are  then  laid  on  this  sui-face  close  together 
from  the  centre  outwards,  and  the  transverse  planks  laid  on  the 
top,  also  close  together.  The  ends  of  each  cross  plank  are 
bored  with  the  auger,  and  the  coach  screws  fastened  by  means 
of  the  spanner. 

On  all  ground  platforms  a  trail  plank  is  a  necessity,  especially 
with  overbank  carriages,  to  prevent  the  injury  which  would 
otherwise  be  done  to  the  platform  by  the  blow  from  the  point 
of  the  trail.  With  the  heavy  howitzers,  plates  of  mild  steel, 
6  feet  by  18  inches  by  \  inch,  are  placed  under  the  wheels,  and 
a  special  trail  plank,  6  feet  by  12  inches  by  3  inches,  faced  on 
botn  sides  with  angle  steel,  is  used  to  take  the  blow  of  the 
trail. 

836.  When  sufficient  planks  are  not  available,  the  lower 
layer  may  be  separated  as  m  Fig.  3,  PI.  CLXXIII,  which  shows 
a  platform  of  3-mch  planks  on  seven  longitudinal  baulks.    This 

Elatform  may  also  be  secured,  in  the  absence  of  coach  screws^ 
y  means  of  racklashings  at  intervals  of  eveiy  three  or  four 
planks,  notches  being  cut  in  the  planks  to  receive  the  lashing 
and  a  riband  laid  over  the  top  to  secure  the  ends  of  all  the 
planks;  or  a  few  long  screws  may  be  driven  through  the 
ribands  and  transverse  planks  into  the  longitudinal  baulk  or 
plank  beneath. 

837.  When  the  material  is  available  from  a  railway  made 
with  the  ordinary  double-headed  rails,  chairs  and  sleepers,  a 
platform  may  be  constructed  as  in  Fig.  4,  PL  CLXXIII.  It 
consists  of  a  pair  of  rails  fixed  to  sleepers  placed  close 
together,  the  whole  turned  upside  down  and  laid  at  the  desired 
incliaation. 

To  lay  such  a  platform,  small  trenches  are  cut  to  take  the 
rails  and  chairs  at  the  gauge  of  the  line.  The  rails  are  laid  in 
these  trenches,  and  their  front  ends  held  up  while  the  first 
sleeper  is  passed  into  position  and  keyed.  This  sleeper  is  then 
packed  up  and  levelled,  and  the  remaining  sleepers  are  passed 
on  one  by  one  from  the  rear  end  of  the  platform,  each  being 
keyed  and  packed  up,  until  a  sufficient  length  of  platform  has 
been  constructed. 

A  platform  for  the  lighter  guns  of  the  siege  train  may  be 
made  of  IJ-inch  planks  or  flooring  boards,  diagonally  crossing 
each  other  and  laid  level. 

838.  Clerk's  platform  (Fig.  2,  PI.  CLXXIII)  for  use  with  40- 
pounder,  and  25-pounder  guns  and  6'3-inch  howitzers,  consists 
of  two  inclined  runners  for  the  wheels  of  the  gun-carriage,  and 
one  plank  for  the  trail.  These  are  laid  on  four  transverse 
timbers  as  shown  in  the  figure,  the  two  front  ones  being  laid 
close  together.  The  inclined  runners  (3®)  are  pivoted  in  frout 
by  iron  pins  to  admit  of  the  gun  being  traversed  to  a  email 
extent. 

Tlie  whole  packs  iuto  a  log  17  feet  lung  by  20  inches  by  16 
iiiches,  tor  convenience  of  transport. 

Four  men  lay  the  platform  m  one  hour. 
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839.  Anchorages  will  be  required  for  guns  whose  recoil  is  Anchoraget. 
too  violent  to  be  taken  up  by  the  pivot  on  a  grand  platform. 

Their  nature  is  exemplified  by  that  for  a  ()'6-inch  R.L.M.  gun  on 
an  H.P.  carriage  shown  in  Plate  CLXXII.  They  have  to  be  got 
into  position  before  the  parapet  can  be  thrown  up.  The  battery, 
must,  therefore,  bo  efficiently  screened,  as  these  operations 
cannot  be  done  in  one  night. 

840.  The  power,  accuracy,  and  searching  nature  of  fire  Splinter-proof 
from  the  arms  of  the  present  day  necessitate  the  construction,  coyer, 
whenever    practicable,  of  shelter  for  the   gun    detachments. 
Splinter-proofs  for  this  purpose  maybe  constructed  in  rear  of 

the  traverses,  and  in  the  epaulments.  For  details  of  construc- 
tion, see  Chapter  I,  para.  110. 

841.  In    every    siege   battery,    magazine    accommodation  Magazines, 
should,   if  possible,   be   provided    for    the    total    quantity    of  ' 
ammunition  to  be  fired  in  the  24  hours,  or  at  all  events  for 
enough  ammunition  to  last  from  day-break  until  the  magazine 

can  be  replenished  soon  after  dark.  Assuming  the  maximum 
rate  of  firing  to  be  10  roimds  per  hour  during  dayhght,*  and 
5  rounds  per  hom-  at  night,  the  magazine  accommodation 
provided  should  be  sufficient  for  from  150  to  200  rounds  per 
gun.  One  magazine  is  usually  pro vided  for  each  pair  of  guns 
or  howitzera,  but  for  a  6-gun  battery  of  pieces  of  the  smaller 
calibres  two  magazines  may  be  sufficient.  As  a  rule  a  battery 
should  have  more  than  one  magazine,  so  that  in  the  event 
of  one  being  blown  up,  it  may  still  be  possible  to  keep  up  the 
fire  of  the  battery. 

The  following  points  should  bo  attended  to  in  choosing  the  Site, 
position  of  a  magazine  :  It  should  be  conveniently  situated  as 
regards  the  guns  to  be  supplied,  so  that  the  ammunition  cases 
have  not  to  be  moved  an  undue  distance  to  bring  them  into 
the  cartridge  recesses.  The  magazine,  on  the  other  hand, 
should  not  be  so  close  to  the  battery  as  to  cause  injury  to  the 
latter  by  its  explosion.  The  passages  connecting  the  battery 
with  the  magazine  should  be  well  covered  from  the  fire  of  the 
enemy,  and  the  entrance  should  be  so  constructed  that  splinters 
of  a  shell  exploding  iioar  it  cannot  penetrate  into  the  body  of 
the  magazine.  Any  hollows,  quarries,  banks,  &c.,  conveniently 
situated  with  regard  to  the  battery  should  be  taken  advantage 
of  as  sites  for  the  magazines.  Where  no  such  advantages 
offer,  it  is  considered  that  the  best  site  for  the  magazines  is  in 
rear  and  on  the  flanks  of  the  battery  at  distances  not  exceeding 
50  yards  or  so  from  the  battery,  these  distances  being  pur- 
posely varied  to  prevent  the  enemy  being  certain  of  the  position 
of  the  magazines  in  any  (me  battery;  a  screen  in  this  case 
being  always  provided  in  front  to  protect  it  and  conceal  its 
exact  position.  This  screen  is  usually  the  parapet  of  the 
parallel  or  communication  leading  to  the  battery,  and  it  is 
desirable  that  the  body  of  the  magazine  should  be  as  close  as 


*  At  Dungencss,  in  1880,  accurate  Hre  at  the  rate  of  twenty  rounds  an  hour  waa 
obtained  from  the  6'6-inch  and  8-ineh  70  owt.  howitzers,  and  double  that  rate  from 
the  6'3-inch  howitzer  firing  small  charges. 
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Dossible  to  thia  screen  oonsistent  with  the  neceesitj  of  having 
irom  20  to  25  feet  of  earth,  in  addition  to  the  parapet  of  the 
screen,  in  front,  in  order  to  resist  penetration  by  the  enemy's 
projectiles.  This  thickness  will  only  be  required  when  the 
magazine  cannot  be  effectively  screened  by  the  j^round. 

It  would  be  veiy  desirable  to  have  the  roof  of  the  magazine 
chamber  proof  against  shells  from  long  ranges  fired  at  high 
angles  of  elevation,  but  this  is  now  hardly  practicable.  With  a 
width  of  magazine  6  feet  in  the  clear,  timbers  of  9"  x  9"  fir,  in 
two  layers,  laid  transversely,  or  of  12"  x  12"  of  oak  in  one 
layer,  with  5  feet  of  earth  over  them,  may  be  considered  to 
render  the  magazine  fairly  secure  against  chance  shots  from  the 
smaller  projectiles.  It  might  be  strengthened  by  the  addition 
of  several  layers  of  iron  rails,  or  by  a  bed  of  large  stones,  but 
these  expedients  will  not  make  it  completely  safe.  Its  chief 
safeguard  will  be  effective  concealment. 

When  this  cannot  be  obtained  it  ivill  be  better  to  distribute 
the  ammunition  into  seveml  smaller  chambers,  so  as  to  diminish 
the  effects  of  an  explosion. 

Their  roofs  may  be  treated  merely  as  splinter-proofs. 

In  some  situations  advantage  may  be  taken  of  the  geological 
formation  of  the  gi'ound,  as  was  the  case  at  Sebastopol,  where 
excellent  magazines  were  made  beneath  the  surface  stratum  of 
rock,  which  was  5  feet  thick. 

Cesspools  should  be  made  for  the  reception  of  any  water 
falling  111  uncovered  passages,  and  particular  attention  should 
be  paid  to  prevent  any  water  from  getting  into  the  body  of  the 
magazine.  Taroaulins  should  be  laid  between  the  earth  and 
the  timbers  of  the  roof. 

Cartridges  for  guns  are  issued  to  the  siege  train  ready  filled, 
and  a  certain  proportion  of  charges  of  different  weignts  are 
also  issued  ready  filled  for  howitzers.  For  the  latter,  however, 
it  would  be  occasionally  necessary  to  make  up  charges  in  the 
artillery  park. 

Metal -lined  cas«8  are  1  foot  9  inches  long,  1  foot  5^  inches 
wide,  and  1  foot  5  inches  high,  and  will  contain  about  1  cwt.  of 
powder  in  cartridges.     (Fig.  9,  PI.  CLXXIV.) 

Construction  As  it  is   desirable   to  restrict  the  area   of  the  body  of  a 

of  magazines,  magazine  to  the  smallest  possible  dimensions,  so  as  to  diminish 
its  chance  of  being  hit,  every  magazine  should,  if  possible, 
have  sufficient  height  for  the  storage  of  3  tiera  of  ammunition 
boxes.  As  the  height  of  each  box  is  1  foot  5  inches,  the 
magazine  will  require  to  be  4  feet  6  inches  high  in  the  clear  to 
admit  of  this.  As  the  roof  timbers  should  also  be  below  the 
level  of  the  ground,  the  depth  of  the  excavation  for  the  body  of 
the  magazine  should  be  Irom  5  feet  G  inches  to  6  feet  as  a 
minimum. 

842.  When  this  depth  is  easily  attainable,  the  form  of 
magazine  known  as  the  Rectanaular  Field  Powder  Magazine-,  may 
bo  adopted ;  PI.  CLXXIV  gives  details  of  such  a  magazine 
exposed  to  frontal  fire  only,  having  a  thickness  of  20  feet  of 
eRrth  in  front,  apd,  in  addition,  the  parapet  of  the  screen, 
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which  is  not  shown  in  the  drawings.  On  the  flanks  the  thick- 
ness has  been  greatly  reduced ;  but,  in  the  case  of  a  magazine 
exposed  to  fire  on  one  or  both  flanks,  the  passages  leading  to 
the  body  should  be  so  traced  as  to  leave  the  necessary  thick- 
nesses of  earth  to  resist  such  fire,  the  width  of  the  passages 
being  increased  to  provide  the  additional  earth  required. 

When  the  magazine  is  not  in  immediate  connection  with  Tracing. 
the  trench  leading  to  the  battery,  the  tracing  lines  are  as  shown 
in  Fig.  1,  a  narrow  trench  coramimicating  with  the  battery, 
and  traced  so  as  to  enter  the  latter  immediately  in  rear  of  a 
traverse  or  epaulment.  When  the  magazine  is  close  to  the 
trench  leading  to  the  battery,  its  position  is  as  shown  in  Fi^.  8, 
the  trench  being  widened  5  feet,  to  provide  the  earth  requu-ed 
in  front  of  the  body  gf  the  magazine. 

The  body  of  the  magazine  and  the  small  passage  6  feet  long  First  night's 
leading  into  it,  are  got  out,  and  the  frames  and  roof  timbers  work, 
placed  in  position  before  the  vork  on  the  remainder  is  commenced. 
In  the  case  of  an  ordinary  siege  battery,  this  would  be  done  on 
the  same  night  as  the  central  trench  is  got  out 

Four  sappers  are  required,  one  in  the  passage,  and  three  in 
the  body  of  the  magazine.  If  the  soil  be  easy,  one  relief  of 
8  hours  should  suffice  to  complete  the  work,  as  in  Fiff.  2,  but  if 
difficult,  two  4-hour  reliefs  may  be  adopted,  or  work  may  be 
continued  in  the  daytime  under  cover  of  the  earth  already  thrown 
out 

The  frames  are  let  into  the  floor  of  the  magazine  the  depth  of 
the  thickness  of  the  ground  sill ;  sheeting  is  used  behind  the  frames 
when  the  ground  is  not  sufficiently  stifif  to  stand  without  it 
The  roof  timbers,  after  being  placed  in  position,  should  have  a 
wooden  fillet  nailed  underneath  close  to  the  frames  on  each  side,  to 
prevent  the  pressure  of  the  earth  forcing  in  the  tops  of  the  frames. 

On  the  second  night  the  passages  round  the  magazine  are  Second  sight's 
thrown  out  in  two  4-hour  reliefs  of  equal  strength.  The  first  work, 
relief  should  get  down  to  a  depth  of  3  feet  6  inches  or  4  feet,  the 
second,  to  the  full  depth  of  5  feet  6  inches  and  complete  any 
shovelling  remaining  to  be  done.  Two  rammers  are  employed  over 
the  body  to  consolidate  the  earth  there  as  much  as  possible  against 
high-angle  fire.  In  the  drawings  the  passages  are  shown  as  in 
stiff  soil  In  loose  soil  the  sides  may  require  to  be  revetted,  or 
a  greater  slope  given  to  them.  Gabions  are  placed  as  in  Fig.  3,  or 
as  best  suits  the  ground,  for  drainage  purposes. 

The  entrance  to  the  magazine  may  be  blinded  as  in  Fig.  4,  as 
an  additional  security  against  shells,  and  a  rough  door  to  open 
outwards  may  be  hung  on  the  outside  passage  frame. 

On  an  emergency  the  body  of  the  magazine  may  be  excavated 
at  the  same  time  as  the  passages  round  it,  but  it  adds  considerably 
to  the  labour  and  difficulty  of  construction,  especially  as  regards 
getting  the  splinter-proofs  properly  into  position  and  necessitates 
a  considerable  portion  of  the  earth  from  the  rear  passage  being 
first  thrown  on  the  reverse  side  and  afterwards  cross-lifted  into 
position  on  the  top  of  the  splinter-proofs. 

This  magazine  will  hold  48  metal-lined  cases,  placed  in  Capacity. 
3  tiers  with  their  long  sides  in  the  direction  of  the  length  of  the 
magazine. 

The  working  party  consists  of  48  infantry  on  the  second  Parties, 
night,  for  each  relief.      Pig.  1  shows  how  they  are  distributed. 

When  rock  or  water  is  found  so  close  to  the  surface  as  to  Shallow 
prevent  the  depth  required  for  the  rectangular  magazine  being  msgaaine. 
easily  attained,  a  shallower  form  may  be  adopted,  capable  of 
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fitorinp:  ammunition  boxes  in  two  tiers  only,  and  giving  a  head- 
way of  3  feet  6  inches  to  4  feet.  In  this  case  a  larger  area  will 
have  to  be  given  to  the  body  of  the  magazine,  if  the  same 
storage  capacity  be  desired.  In  doing  so,  the  length  of  the 
body  of  the  magazine  should  be  increased  and  not  the  width, 
which  should  never  as  a  rule  much  exceed  5  feet,  on  account  of 
the  weakening  of  the  timbers  forming  the  roof  which  a  larger 
span  entails.  The  other  arrangements  may  be  similar  to  those 
described  for  the  rectangular  magazine. 
Milled  migft'  843.  When  the  soil  is  suitable,  that  is  to  say,  when  a  depth 

"»••  of  10  or  12  feet  below  the  surface  can  be  reached  without 

coming  upon  rock  or  water,  a  magazine  may  be  formed  by 
mining  as  shown  in  Plate  CLXXV,  after  the  methods  described 
in  the  next  chapter. 

An  excavation  10  feet  by  5  feet  is  first  got  out  to  a  depth 
of  5  feet  6  inches,  the  eai-th  being  thrown  to  the  front  and  sides, 
which  are  revetted  with  planking  from  the  bottom  to  within 
1  foot  of  ground  level.  At  1  foot  from  the  front  of  this  excava- 
tion a  shaft  is  sunk,  as  shown  in  Fig.  1,  PL  CLXXV.  A  common 
gallery  is  then  driven  for  a  length  of  about  6  feet,  and  wing 
galleries  are  broken  out  from  this  and  carried  on  uritil  a 
sufficient  distance  has  been  executed  for  the  storage  of  the 
necessary  number  of  ammunition  boxes.  These  are  placed  in 
the  wing  galleries  in  three  tiers  with  their  length  across,  the 
width  of  the  gallery  being  equivalent  to  two  boxes  to  every 
foot  in  length  of  gallery  (Fig.  4).  The  top  of  the  excavation 
is  covered  over  with  timbers  (Figs.  2  and  3),  in  one  or  more 
lajers,  let  into  the  ground  at  least  a  foot,  the  one  coming  imme- 
diately over  the  centre  of  the  shaft  having  a  idng  bolt  fixed  in 
it,  or  a  sling  passed  round  it,  to  which  the.lufl*  tackle  used  for 
loading  ana  unloading  the  magazine  is  made  fast. 

For  communication  with  the  battery  there  is  a  deep  naiTow 
trench  (Fig.  1),  which  is  continued  in  the  opposite  direction 
to  a  slightly  greater  depth,  to  give  additional  earth  for 
covering  over  the  body  of  the  magazine,  and  for  drainage 
pui'poses.  The  earth  obtained  from  the  shaft  and  galleries 
also  helps  to  form  the  roof. 
Modifications  When  a  magazine  is  constructed  behind  a  steep  slope  or 

of  magazineii.  scai-ped  face,  it  may  be  got  out  by  mining  with  c-ases.  When 
the  slope  is  more  gentle  and  not  convenient  for  mining,  the 
magazme  may  be  constructed  on  the  piinciple  of  a  field  case- 
mate behind  the  slope  of  a  hill,  ^vith  additional  precautions 
against  fire. 
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CHAPTER  VIII. 


MILITARY    MINING. 


Section  I. — Elements  of  Mining. 

860.  The  chief  object  of  military  mines  is  to  place  charges  of  Objects, 
explosive  under  the  surface  of  the  ground,  so  as,  when  fired, 
to  destroy  the  troops  or  works  of  the  enemy,  or  works  of  the 
defence  which  may  have  to  be  abandoned  so  that  the  enemy 
may  not  make  use  of  them.  They  are  sometimes  used  also 
to  create  cover  for  the  besiegers  in  the  close  attack,  when 
the  fire  of  the  place  makes  it  impossible  to  advance  by  sap 
above  ground. 

Shafts  and  Galleines. 

SQL  The  passages  made  by  miners  to  reach  the  required  Shafts  and 
positions  for  the  charges  are  called  shafts  when  vertical,  and  g*^®"®*- 
galleries  when  horizontal  or  slightly  inclmed,  the  latter  being 
distinguished  as  ascending  and  descending.  To  prevent  the  earth 
from  falling  in,  thev  are  lined  with  wood,  if  for  temporary  use, 
or  with  masonry,  if  made  beforehand  as  part  of  the  permanent 
works  of  a  fortress. 

862.  The  wooden  Unings  may  consist  either  of  cases,  set  Lining  of 
close  together,  or  of  sheeting  supported  hy  frames  at  intervals.  »^^<^.ftn<l 
(Se«  Plate  CLXX  VI.)  «^'"«^- 

In  both  frames  and  cases  the  pieces  which  are  laid  on  the 
ground  are  termed  groundsills ;  the  side  pieces  are  termed  stan- 
chions ;  and  the  upper  pieces  topsills.  The  end  pieces  of  frames 
for  shafts  are  termed  end  rails ;  and  the  side  pieces  stiles. 

The  dimensions  of  the  frames  and  cases  are  as  follows : —        Dimensions  of 

frames  and 
oases. 
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Great  galleries  are  large  enough  to  give  passage  to  a  ^nn, 
and  are  almost  exclusively  used  for  the  descent  into  the  ditch 
in  the  systematic  attack  of  a  fortress.  Branch  galleries  are  used 
only  in  extension  of  common  galleries,  as  they  are  so  low  that 
the  removal  of  earth  along  them  is  extremely  inconvenient. 

In  Fig.  2,  PI.  CL  X  XVI  is  shown  a  common  gallery  case,  and  in 
Fig.  i  a  oranch  gallery  case ;  the  latter,  being  also  used  for 
shafts,  is  provided  with  two  sets  of  hand  holes,  which  form  a 
very  convenient  ladder. 

The  branch  gallery  frame  is  shown  in  Fig.  3,  the  common 
gallery  frame  in  Fig.  6,  from  which  figures  the  manner  of  fasten- 
ing them  together  can  be  seen. 

For  the  top  of  a  shaft  a  frame  is  provided  with  horns  pro- 
jecting about  1  foot  at  each  end  to  prevent  its  falling  down  the 
shaft  (see  Fig.  4),  the  other  frames  are  made  as  shown  in  Fig.  5. 

The  sheeting  is  made  in  lengths,  generally  of  5  feet,  and 
11  inches  wide,  having  one  of  its  ends  bevelled  off  for  about 
G  inches,  thus  admitting  of  the  frames  being  placed  at  about 
4-feet  intervals.     (See  Fig.  7.) 

Cases  form  a  much  better  lining  for  shafts  and  galleries, 
than  frames  and  sheeting  do,  as  they  are  more  easily  placed,  are 
stronger,  and  with  the  same  amoiuit  of  excavation  give  a  greater 
clear  width  and  height ;  but  in  ordinary  soil  they  take  up  more 
timber,  and  are  less  easily  prepared  on  the  spot.  Frames  and 
sheeting  can  always  be  made  out  of  the  joists  and  floorboards  of 
ordinary  houses. 
Tool§  and  863.  The  shafts  and  galleries  in  which  the  miner  has  to  work 

appliances.       being  small,  special  picks  and  shovels  of  the  dimensions  shown 

in  PI.  CLXXVII  are  provided  :  in  addition,  the  miner  requires  a 
pmh^pick  (Fig.  4)  for  loosening  the  earth  in  the  recesses  oehind 
the  cases  previously  to  getting  in  a  new  case.  The  miner^s 
truck  (Figs.  7  and  8,  PI.  CLXXVII)  is  used  for  drawing  earth 
from  the  end  of  the  gallery  to  the  bottom  of  the  shaft.  This 
truck  is  sometimes  fitted  with  fianged  wheels  to  run  on  18-inch 
gauge  rails  laid  on  the  floor  of  the  gallery.  This  arrangement 
saves  time  and  labour  in  shifting  the  earth.  The  earth  is 
raised  to  the  surface  either  in  the  truck,  or  in  a  miner's  bucket 
made  of  canvas  attached  to  two  ropes,  and  drawn  up  by  two 
men  (Fig.  11). 

The  miner's  bellows  are  shown  in  Fiffs.  3  and  6  ;  they  have  a 
valve  for  the  inlet  of  air  on  the  under  side.  The  man  using  them 
stands  on  the  lower  handles  and  works  the  bellows  with  his 
hands.  The  air^tubes  (Pig.  9)  are  attached  to  a  nozzle  at  the 
bottom  of  the  bellows,  whence  they  are  led  down  the  shaft  (and 
along  the  galleries)  as  required.  The  tubes  are  made  li  inch  in 
diameter,  and  in  lengths  of  2  feet  6  inches  (Fig.  9X  all  sharp 
turns  being  madi*  by  means  of  flexible  tubing  of  sewn  leather  in 
lengths  of  1  foot.  (Fig.  10.)  These  tubes  and  bellows  are 
obsolete,  but  might  be  extemporised  on  an  emergency. 

Other  modes   of  ventilating  mines  are  refeiTed  to  later  {see 

{)ara.  875).     In  shafts  lined  with  frames  and  sheeting,  a  rope 
adder  with  wooden   rounds  is  used,  secured   at  the  top  by 
pickets. 

The  miner^e  candlestick  (Fig.  5)  can  be  fixed  in  the  side  or 
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floor  of  the  excavation.  Miner's  lamps  may  also  be  used,  but 
both  lamps  and  candles  must  be  put  out  while  the  mines  are 
being  loaded. 

864.  When  shafts  of  moderate  depth  are  intended  for  hasty  Shaitw  tmd 
explosions,  wood  lining   may  frequently  be   dispensed  with,  galleries 
when  the  soil  is  favourable,  such  as  chalk  or  hard  gravel,  shafts  J^^gi 
20  or  30  feet  in  depth  may  stand  for  several  weeks  without 
support. 

In  excavating  shafts,  where  woodwork  is  not  to  be  used,  the 
elliptical  form  is  decidedly  the  best ;  the  dimensions  of  the  axes 
should  be  the  same  as  those  of  an  ordinary  shaft,  viz.,  4  feet  by 
2  feet.  A  rectangle  marked  on  the  ground,  having  its  angles 
rounded  off,  makes  a  good  section  for  a  shaft.  (Fig.  9,  PL 
CLXXVIII.) 

In  soil  so  tenacious  as  to  allow  ot  galleries  being  excavated 
safely  without  the  use  of  woodwork,  the  miner  may  adopt  the 
section  shown  in  Fig.  7,  PI.  CLXXVIII.  This  is  the  best  shape 
that  can  be  adopted  for  temporary  galleries,  or  branches  intended 
for  immediate  explosion.  But  if  the  galleries  arc  to  stand  for 
any  length  of  time,  it  is  better  to  form  their  tops  in  the  form  of 
a  semicircular  or  pointed  arch.  (Fig.  8,  PL  CLXXVIII.)  The 
miner  in  this  case  should  be  provided  with  gauges,  and  the  arch 
should  be  shaped  to  a  template. 

865.  The  following  is  the  mode  of  sinking  a  shaft,  to  bo 
lined  with  cases: — 

The  party  (I  non-commissioned  oflBicer  and  4  miners)  begin  Shafts  witb 
y  by  levelling  the  around  I'ound  the  position  of  the  proposed  shaft,   cases. 

Mll'^'-'liM     """""^^  *  ^^®  ^^  6  '®®*  square. 

The  first  case  is  laid  together  on  the  ground,  in  the  position  of 

the  proposed  shaft,  with  its  longer  sides  parallel  to  the  direction 

of  the  gallery  that  is  to  be  driven  from  tne  bottom  of  the  shaft. 

The  ground  is  then  marked  round  the  case,  which  is  removed,  and 

the  earth  within  that  space  excavated  to  a  depth  of  1  foot ;  the 

case  is  then  placed  in  the  excavation  with  its  upper  edge  level  with 

the  ground,  and  earth  rammed  in  all  round  its  sides. 

In  placing  each  succeeding  case,  the  ground  must  be  excavated 
for  one  end  iirst,  then  for  one  side,  next  for  the  other  end,  and 
lastly  for  the  remaining  side,  placing  each  piece  singly  and  cutting 
away  no  more  earth  than  is  necessary.  But  in  order  that  the  side 
to  be  placed  last  maybe  got  in,  it  is  necessary  that  a  wedge-shaped 
recess  should  be  cut  away  behind  it,  into  which  it  may  be  pushed, 
and  then  drawn  forward  to  its  proper  position,  with  the  tenon  of 
the  end  piece  in  its  mortice  (Fig.  1,  PI.  CLXXVIII).  The  earth 
remaining  is  then  excavated  from  the  middle,  and  the  next  case  got 
in,  in  the  same  manner,  taking  care  to  make  the  wedge-shaped  recesses 
on  opposite  sides  of  the  shm,  as  otherwise  there  would  be  a  hollow 
behind  the  cases  all  down  one  side,  which  would  give  no  support 
to  the  cases  on  that  side.  It  is  advisable  to  £11  up  these  spacea 
with  sods,  &c.,  pushed  up  from  below. 

When  the  ground  is  fiim  and  good,  the  shaft  can  be  dug  by 
simply  excavating  to  the  depth  of  one  case  at  a  time,  letting  the 
excavation  be  a  little  the  deepest  at  the  centi-e,  for  convenience  of 
standing  and  working  when  placing  the  cases.  Thia  must  not  be 
attempted  unless  in  good  soil. 

The  cases  must  be  all  flush  with  one  another  on  the  inside,  and 
close  together.  In  this  way  the  shaft  is  continued  to  the  required 
depth.  The  ends  of  the  five  (or  six)  lowest  cases  are  omitted  when 
it  IS  intended  to  break  out  the  gaUery,  the  sides  of  the  shaft  being 
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there  kept  from  clodng  in  by  eud  pieces  of  cases  (which  must  not 
be  allowed  to  slip  into  their  usual  places)  or  by  means  of  batt4fnB 
2  feet  4  inches  long ;  this  width  allows  of  a  gaUery  being  driven. 

lu  fihaftfi  in  ^ood  Boil  that  will  stand  '\\4tbout  much  support, 
the  cases  can  be  placed  at  inten^als  of  2  or  3  feet. 

866.  Before  comuieuciug  a  gallery,  its  centre  line  is 
marked  at  the  bottom  of  the  shaft  on  the  woodwork,  or  by 
pickets,  their  powtions  being  deteniiined  by  a  plummet  let 
down  from  two  points  in  a  straight  edge  placed  over  the  mouth 
of  the  shaft,  in  the  proper  direction.  As  the  gallery  proceeds 
its  direction  sliould  ne  verified  from  time  to  time  by  means  of  a 
third  plummet  {aee  Fig.  1,  PL  CLXXIX).  The  mode  of  driving 
the  gallery  is  as  follows : — 

Before  the  battens  or  ends  are  removed  from  between  tlie 
sides  of  the  shaft  cases,  a  temporary  case  must  be  set  up  in  the 
shaft,  close  to  them,  to  take  the  tiirust  of  the  sides.  {Set  Fig.  3, 
PI.  CLXXVIII.) 

The  lirHt  case  of  the  gallery  should  be  ])laced  with  its  inner 
edge  flush  with  the  inside  of  the  shaft,  so  that  the  sides  of  the 
shaft  may  have  a  bearing  against  it,  and  be  prevented  from  col- 
lapsing when  the  temporary  case  is  removed.  Just  enough  earth 
is  excavated  to  allow  tlie  groundsill  to  be  ))laced ;  grooves  are  next 
cut  for  the  staiichious,  and  lastly,  a  recess  is  made  for  the  topsLU, 
which  is  got  in  by  fitting  one  end  to  the  tenon  of  one  of 
the  stanchions,  and  cutting  away  sufficient  earth  behind  the 
top  of  the  opposite  stanchion  to  allow  the  topsiU  to  be  placed 
on  it ;  a  sod  or  two  must  then  be  placed  behind  the  last-named 
stanchion  to  wedge  it  into  its  place.  No  more  earth  must  be  cut 
away  behind  the  stanchions  than  is  absolutely  necessary  (Fig.  5). 
The  object  of  [)laciug  the  various  pieces  of  the  case  in  grooves,  and 
leaving  the  earth  solid  in  the  centime,  is,  that  it  may  be  afterwards 
picked  down  on  to  the  groimdsill  whence  it  is  more  easily  i*emoved 
than  from  the  floor  of  the  galleiy,  before  the  groundsill  is  placed. 
The  temiK)rary  case  is  now  removed,  and  the  hist  complete  case  of 
the  shaft  supported  by  wedges  or  ])ickets,  driven  over  the  topsill 
of  the  first  gallery  case.  The  succeeding  cases  are  placed  in  a 
similar  manner,  the  recesses  for  placing  the  topsills  being  right 
and  left  alternately. 

Common  and  branch  galleries  are  driven  in  the  same  v^'ay. 

la  galleries  in  good  soil,  the  cases  need  not  be  at  close  order ; 
if  sheeting  is  not  available,  they  may  be  placed  at  alternate 
central  intervals  of  2  feet  7  inches,  and  4  feet  7  inches,  laying 
alternately  a  couple  of  topsills  and  a  couple  of  stanchions  over 
the  intervening  spaces  renting  on  the  topsills  of  the  cases,  with 
bearings  of  4  inches  at  each  end. 

In  changing  direction  of  a  galleiy  without  changing  the  slope, 
the  change  must  be  made  gradually,  with  the  cases  close  together 
on  one  side,  and  at  intervals  on  the  other.  If  the  soil  be  very  bad, 
pieces  of  wood  must  be  driven  in  between  the  cases  at  the  open- 
ings, to  support  the  earth. 

When  the  direction  of  a  gallery  is  to  be  changed,  and  its  new 
direction  has  to  l)e  set  offacciua-telv,  the  angle  to  be  made  with 
the  old  direction  sliould  be  carefully  set  off  above  ground  by 
means  of  a  field  level,  and  some  profile  battens  should  be  nailed 
so  as  to  set  the  required  angle  {isee  Fig.  2,  PI.  CLXXIX).  The 
centre  line  of  the  old  direction  having  been  carefuUv  marked  on 
tlie  groundsills,  the  batten  frame  should  then  ))e  taken  below 
and  applied  to  it,  thus  giving  the  required  new  direction.      It  is 
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not  easy  to  use  the  level  for  setting  off  aiigiee  in  the  gallery  of  a 
mine. 

In  breaking  out  one  gallery  from  another,  three  stanchions  Breaking  out 
must  be  taken  out  to  form  the  opening  for  the  new  gallery,  and  fmnn  one 
the  topsills  of  these  stanchions  strutted  up  2  inches  above  their  gallerj  to 
former  level.    The  stancMous  •  being  removed,  an  excavation  is  another, 
made  perpendicular  to  the  old  gallery,  and  the  case  id  put  up, 
with  its  inner    edge  flush  with   the   inside  of  the  old  gallery, 
2  inches  of  the  width  of  its  groundsill  having  being  previously 
sawn  off,  so  that  its  topsiU  may  support  the  topsills  of  the  old 
gallery. 

The  temporary  struts  may  then  be  removed,  and  the  gallery 
proceeded  with,  any  change  of  direction  or  diminution  of  size 
being  made  after  the  first  case  has  been  placed. 

Cialleries  about  3  feet  lou4(  should  be  broken  out  in  this  way  Betunw. 
at  intervals  of  30  feet  along  the  main  galleries,  and  at  right  angles 
to  them,  to  serve  as  returns  for  the  empty  trucks,  and  allow  the 
loaded  trucks  to  pass  them. 

867.  The  party  required  to  sink  a  shaft,  and  drive  the  first  Working 
4  feet  of  a  gallery  from  it,  cousistB  of  one  non-coinmiswoned  party 
officer  and  fom*  men  ;  one  man  works  at  the  bottom  of  the  shaft, 

or  head  of  the  gallery,  and  is  relieved  as  soon  as  he  has  placed 
one  case  complete,  and  excavated  the  earth  it  contains;  two 
draw  up  the  earth  in  a  miner  s  bucket  and  the  fourth  removes 
it,  scattering  it,  if  necessary  for  concealment,  abroad  on  the 
suiTounding  surface.  One  of  the  men  employed  in  raising  the 
earth  reUeves  the  man  in  the  shaft,  who  on  coming  up  to  the 
surface  distributes  the  earth  as  it  accumulates,  the  man  pre- 
viously employed  in  tliis  duty  assistuig  to  raise  the  earth. 

The  gallery  having  advanced  4  feet  from  the  bottom  of  the 
shaft,  an  additional  man  will  be  required  to  move  the  earth  from 
the  gallery  in  a  miner's  truck,  and  fill  the  bucket  at  the  bottom 
of  the  shaft.  After  the  gallery  has  advanced  another  20  feet,  an 
additional  man  must  be  added  to  move  the  earth  from  the  face 
of  the  gallery  to  the  bottom  of  the  shaft,  and  so  on  for  every  ad- 
ditional 20  feet. 

In  easy  soil,  with  thoroughly  trauied  men,  a  shaft  should  Bate  of 
advance  at  the  rate  of  from  18  to  24  inches  per  hour ;  a  common  advance, 
gallery-  at   about   IG,   and  a  branch  at   about  24,  inches  per 
hour.     With  unskilled  labour  the  rates  of  advance  are  about 
one  half  of  these. 

868.  The  above  detail  of  men  and  rate  of  advance  applies  Shafts  and 
equally  to  shafts  and  galleries  lined  with  frames  and  sheeting,  galleries,  with 
The  mode  of  lining  in  fair  soil  is  shown  in  Figs.  2,  4,  6,  Plate  -^^1^ 
CLXXVIII.  ^' 

In  sinking  a  shaft,  the  frames  are  placed  at  about  4  feet  apart, 
according  to  the  intended  depth  of  the  shaft,  and  secured  by 
battens  or  ropes  to  the  top  frame,  which  is  supported  by  its  horns. 
The  shaft  is  made  about  6  inches  longer  and  wider  than  the 
frames,  to  allow  for  the  sheeting.  The  frames  can,  therefore,  be 
put  together  above  ground,  and  when  fixed  in  position,  the  sheet- 
ing planks  are  pushed  down  behind  them.  Two  breadths  of 
sheeting  are  usually  sufficient  for  each  side,  and  one  for  each 
end. 

In  ^leries,  if  side  lining  is  unnecessary,  groundsills  are  not 
used.  The  stanchions  are  let  into  the  sides  of  the  excavation 
to  their  full  thickness,  and  the  topsills  fitted  upon  their  tenons. 
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The  top  sheeting  planks  are  then  pushed  over  them,  and  wedged 
up,  to  make  room  for  the  next  set 

When  there  appears  a  risk  of  the  soil  falling  in,  the  sheeting 
must  be  introduc^as  soon  as  possible,  and  pushed  forward  as  the 
man  excavates,  so  that  he  may  always  be  under  cover.  When  it 
is  required  to  do  this  for  a  mater  distance  than  a  foot  or  two,  a 
temporary  frame,  called  a  jalse  frame,  is  used  for  suppiirting  the 
projecting  ends  of  the  top  sheeting.    (Fig.  3,  PL  CLXXIX.) 

The  height  of  this  frame  is  the  same  as  that  of  a  regular 
gallery  frame  ;  but,  as  it  is  not  set  in  grooves  cut  in  the  side  of  the 
gallery,  its  width  from  out  to  out  is  exactly  equal  to  the  width  of 
the  gallery  in  the  clear,  and  the  stanchions  may  be  of  slighter 
scantling  for  the  sake  of  lightness.  The  false  frame  is  moved  for- 
ward as  the  earth  is  excavated,  until  about  a  foot  from  the  position 
of  the  regular  frame.  It  is  difficult  to  use  the  false  frame  in 
narrow  guleries,  the  stanchions  encroaching  too  much  on  the  width 
that  the  miner  has  to  work  in. 

869.  The  execution  of  an  inclined  gallery  is  similar  to  that 
of  a  horizontal  gallery.  The  slope  should  not  exceed  i-  The 
stanchions  are  placed  at  right  angles  to  the  slope,  and  the 
distances  for  frames  are  also  measured  in  the  direction  of  the 
incline,  so  that  the  same  sheeting  is  used  for  both  inclined  and 
horizontal  galleries.  Precautions  must  be  taken  to  prevent  the 
tinicks  i-unning  down  the  slope  and  disturbing  tne  miners. 
Where  sheeting  is  used  the  stanchions  of  the  frames  must  be 
set  up  at  a  less  angle  with  the  vertical  than  they  are  ultimately 
to  assume ;  in  driving  the  sheeting  they  are  usually  forced 
forward  an  inch  or  two. 

870.  Galleries  and  shafts  may  sometimes  have  to  be  driven 
through  masonry.  In  that  case  no  lining  is  required,  and  the 
rate  of  advance  is  about  1  inch  an  hour. 

871.  Great  aalleriea  are  made  with  a  slope  not  greater  than 
one  in  four.  They  should  meet  the  counterscarp  of  a  wet  ditch 
1  foot  above  the  highest  water  level ;  and  that  of  a  dry  ditch 
about  4^  feet  below  its  bottom,  if  it  is  to  be  sapped  across,  or 
if  otherwise  on  a  level  with  its  bottom. 

Great  gallery  cases  are  6  feet  8  inches  wde,  and  6  feet 
6  inches  high  in  the  clear;  the  groundsills  are  3  inches, 
stanchions  4  inches,  and  topsills  5  inches  thick,  by  11  inches 
wide.  The  feet  of  the  stancnions  are  prevented  from  collapsing 
by  block  of  elm  7  inches  wide  and  2  inches  thick  fixed  down 
on  each  siU,  4  inches  from  the  ends,  which  also  serve  as  guides 
to  prevent  the  axles  of  guns  striking  the  stanchions.  The  clear 
interval  between  the  blocks  is  5  feet  6  inches  (Fig.  8,  PI. 
CLXXVI).  The  tenons  at  the  tops  of  the  stanchions  fit  into 
mortices  in  the  capsills.  There  are  handholes  on  each  side  of 
the  stanchions  1  foot  from  the  top. 

The  first  case  is  got  in  bv  simply  excavating  the  earth  to  a 
distance  of  1  foot,  setting  up  the  case  complete  and  pushing  it  into 
the  excavation.  In  placing  the  next  and  following  cases,  two 
wooden  crtUchei  are  used,  the  shanks  or  feet  of  which  rest  on  the 
gix>undsill  of  the  case  already  placed,  whilst  the  head  of  each 
crutch,  being  2  feet  long,  projects  about  a  foot  in  front  of  the  cap 
of  the  last  case.  The  crutches  are  set  up,  and  an  excavation  made 
large  enough  to  admit  the  top  of  the  next  case,  which  is  laid  on 
the  projecting  ends  of  the  crutches,  and  being  supported  by  them» 


&REA1   GALLERY. 

JangUaduwil  MctUm  thrt^igfi  sap  eeb  law  A-B. 

iiJ     )    II  ■■  IB  'Ji-4i"iJ^.J»-*JliU.  ^i-_l  ■.J»»jyt  ^lil 


J.4iftC*L*K.lJU>  SS,CaKw-Uii<,<"T'  !*■—■ 


ELEMENTS  OP  MINING.  261 

preveute  the  earth  over  the  roof  of  the  gallery  from  falling  whilst 
the  excavation  is  continued  to  admit  the  remainder  of  the  new 
case  ;  the  groundsill  is  first  placed,  and  next  the  stanchions,  one 
after  another,  the  earth  in  the  centre  being  afterwai^ds  cut  away 
and  removed  in  wheelbarrows.  The  crutches  are  then  removed 
and  set  up  on  the  sill  of  this  new  case,  previous  to  the  placing  of  a 
fresh  one.  In  Fig.  3,  PI.  CLXXX,  a  crutch  ia  shown  ;  the  head 
is  made  movable  on  the  shank,  and  is  secured  by  a  chain  tie. 
The  fore  part  of  the  head  is  2  inches  higher  than  the  back,  in 
order  that  each  new  topsiil  in  succession  may  stand  at  first  some- 
what higher  thau  its  final  level,  so  afi  to  clear  the  tenons  of  the 
stanchions.  The  crutch  is  steadied  and  tightened  up  by  a  wedge, 
driven  into  a  groove  in  a  box  called  a  «Aoe,  placed  under  its  foot. 

872.  The  party  required  to  execute  a  great  gallery  consists  Working 
of  one  non-commissioned  officer  and  12  men.     This  is  the  party  ^^^f  ^^ 
for  the  gallery  only,  and  four  of  the  men  may  be  infantry ;  the  advaDce. 
rate  of  advance  is  about  one  foot  per  hour. 

873.  In   commencing  a   great    gallery  from    a   sap   it   is  &reat  gallery 
necessary  to  deepen  the  trench  at  least  3  feet  (Figs.  1  and  2,     ^"^  *  "^' 
PL  CLXXX) ;  the  first  case  can  then  be  at  once  placed.     Great 

care  is  required  in  placing  the  cases  until  the  topsills  are  at  a 
depth  of  3  feet  below  the  surface  of  the  ground. 

A  common  gallery  may  often  be  substituted  for  a  great 
gallery,  recesses  one  foot  deep  and  two  feet  wide  being  made 
on  each  side  of  the  gallery  at  intervals  of  four  feet ;  when  re- 
quired material  can  be  handed  down  the  gallery  by  men 
standing  in  these  recesses. 

874.  When  small  charges  are  to  be  rapidly  placed  in  posi-  Bored  mines, 
tion,  this  may  sometimes  be  best  done,  up  to  a  distance  of  8  or 

10  yards,  by  means  of  an  earth  borer,  to  whioh  fresh  lengths  are 
successively  attached.  This  will  make  a  cylindiical  hole  vary- 
ing in  size  with  the  soil,  which  in  firm  ground  will  keep  its 
form,  and  along  which  a  charge  can  be  pushed,  made  up  into 
cartridges.  The  length  of  the  charge  snould  not  exceed  two 
or  three  times  its  diameter. 

A  chamber  large  enough  for  the  charge  may  also  be  formed  by 
compression  by  fmng  a  small  charge  of  ffuncotton  at  the  end 
of  the  bored  hole.  Sufficient  data  regarding  the  sizes  of  such 
charges  have,  however,  not  yet  been  established. 

In  mining  in   masonry   and  rock   charges  are   placed    in  Boring  in 
position  for  blasting  by  the  method  of  "jumping  "  holes  with  a  ^^^' 
"jumper,"  or  by  *'  boring  "  with  steel,  bats  struck  by  hammers, 
the  latter   instrument  being   used  for   holes   which   are   not 
vertical.     The  holes  made  by  these  methods  are  charged  and 
fired  by  trains  and  other  means. 

875.  When  mines  are  fired  the  gases  which  result  from  the  Ventilation  of 
explosion  are  apt  to  fill  the  galleries,  though  the  charges  may  mines, 
have  been  well  tamped,  and  even  to  penetmte  through  cracks 

or  fissures  into   adjoining    galleries ;   these   gases    are    very 

Eoisonous,  and  are  the  more  dangerous,  because  the  miner  may 
e  unaware  of  their  presence  until  he  falls,  faint  and  insensible 
under  their  influence. 
•    The  breathing  of  the  workmen  and  the  fumes  from  candles 


26? 


XILITARY  MININO. 


Air  at  high 
pressure. 


"Boot**" 
blower. 

Air  at  low 
pressure. 


Air  shafts. 


TransTerao 
galleries. 


Kasks. 


Air  Imapfackp. 


also  vitiate  the  air,  80  that  a  gallery  Bhould  not  be  driven 
more  than  60  feet  without  providing  the  means  of  renewing- 
the  air  in  the  galleriefl. 

The  bellowB  and  tin  tubes  described  in  pai^.  863,  and  shown 
in  Figs.  3,  6,  9,  and  10,  PL  CLXXVII,  answer  well  enough  for 
driving  galleries  under  ordinaiT  circumstances :  they  are  worked 
by  setting  up  the  bellows  outside  the  mine  in  a  place  free  from 
foul  air,  and  tlien  fixing  up  the  tin  tubes  by  lashings  of  spun 
yam  tied  to  nails  driven  into  the  left  top  comer  of  the  gallery. 

When  the  galleries  have  to  be  driven  to  any  great  length,  or 
when  the  gaees  resulting  from  an  explosion  are  suspected  to 
exist,  this  mode  of  ventilation  is  no  longer  suflScient ;  air  must 
be  forced  in  in  gi*<»at  quantities.  For  this  purpose  we  can  either 
use  a  pipe  of  small  diameter  ^vitli  air  at  high  pressure,  or  tubes 
of  larger  diameter  with  air  at  low  pressure. 

Tlie  l)e]IowR  of  a  raediam-sized  portable  forge  will  give  a  fair 
blast  of  air  t}in>iigh  vulcanized  iudia-mbber  hose,  but  a  special  air- 
pump  is  better,  as  it  cau  give  air  at  higher  pressure  than  cau  be  get 
from  any  1  jellows.  Such  a  pump  coald  be  worked  by  two  meu. 
Where  steam  p<iwer  is  to  be  haa,  a  very  powerful  current  of  air 
niav  be  driven  into  the  galleries  by  using  an  idr  condenser,  and 
leii^tlis  of  one-inch  gas  pipe. 

The  R()ot«  Blower,  as  supplied  to  the  Field  Companies.  Eoyal 
Engineers,  answers  exceedingly  welL  It  can  be  worked  by  two- 
men. 

When  a  rotarj-  fjin  worked  by  two  men  and  provided  with 
multiplying  gear  is  used,  the  tube  or  hose  should  be  about  three- 
or  four  iiiches  in  diameter,  and  if  the  hose  is  used,  means  must 
be  provided  for  kee()iug  it  distended.  Such  a  hose  will  give  a 
strong  current  of  air  up  to  a  distance  of  2(K)  feet  «along  a  gallery. 

\Vhen  eircumstanecm  permit,  mines  may  be  very  effee- 
tually  ventilated  by  boring  a  hole  upward  from  the  galleiy 
to  the  surface  of  the  ground,  with  an  eai-th  borer.  When  an 
earth  borer  is  not  available  a  shaft  can  bo  made  from  below  by 
using  cases,  and  working  upwards  with  a  hmg-handled  push- 
pick,  keeping  the  up])er  portion  of  the  shaft  conical,  and  pro- 
tecting the  worker  from  falling  earth  and  stones  by  a  removable 
shield  of  planks,  resting  on  the  top  of  the  cases. 

When  two  galleries  are  near  each  other,  ventilation  may  be 
provided  by  making  a  transverse  gallery  to  connett  them,  and 
it  may  be  stimulated  by  buniing  candles  in  one  of  them, 
choosing  that  which  happens  to  be  at  tlio  highest  level. 

To  protect  men  in  exploring  galleries,  in  whicli  there  may 
be  poisonous  gases,  face  masks  have  been  introduced  with 
respu-ators,  and  fresh-air  pipes  attached  ;  the  pipes  may  be  fed 
directly  from  the  moutii  of  the  shaft  up  to  a  distance  of  70  or  80 
feet,  or  tliey  may  be  fed  from  a  compressed  air  knapsack  cairied 
on  the  miner's  back,  and  capable  of  supplying  him  for  a  quarter 
of  an  hour. 

Jjoading  Mines* 

876.  The  position  of  the  charge,  as  woU  as  the  quantity  of 
powder  to  be  used,  having  been  determined  witfi  reference  to 
tlie  effect  to  be  produced,  a  reeeeftor  chamber  is  cut  at  righb 
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angles  to  the  gallery ;  this  recess  need  not  be  long,  but  merely 
out  of  tlie  direct  line  of  the  shaft  or  branch  ;  when  no  considera- 
tion regarding  the  line  of  least  resistance  aftects  the  question, 
the  position  of  the  chamber  is  better  placed  at  the  top  of 
the  gallery  when  the  charge  is  fired  by  electricity,  and  at  or 
near  the  bottom  or  floor  level  when  powder-hose,  or  fuze  is 
used. 

Care  must  be  taken  that  it  is  of  the  most  compact  form,  ancF 
only  of  sufficient  size  to  hold  the  charge. 

877.  In  dry  soil,  and  when  the  mine  is  to  be  fired  shortly  Cases  or  bags 
after  loading,  the  powder  may  be  put  in  the  chamber  in  bags  for  the  charge, 
containing  about  50  lbs,  each,  so'me  brushwood  or  straw  having 

been  previously  put  in,  to  prevent  the  bags  from  coming  directly 
into  contact  with  the  soil.  In  damp  soil,  the  outside  of  the  bags 
must  be  coated  with  a  waterproof  composition,  or  well  greased 
or  tanked. 

One  or  more  boxes  made  just  large  enough  to  contain  the 
charge  may  be  used.  One  pound  of  gunpowder  occupies 
30  cubic  inches.  The  height  of  the  chamber  should  exceed  the 
calculated  height  of  the  box  by  a  few  inches  to  allow  the 
powder  to  be  pom-ed  in,  when  the  box  is  inside  the  chamber. 

In  very  damp  soil,  tin  or  metal  cases  maybe  used,  but  a  powder 
baiTel,  well  payed  over  with  hot  pitch  and  provided  with  an  extra 
large  bung,  will  be  found  to  answer  very  well  for  this  purpose. 

India-rubber  bags,  made  to  hold  100  lbs.  of  gimpowaer  or 
guncotton,  are  kept  as  an  ai-ticle  of  store. 

878.  Whatever  mode  of  loading  the  chamber  be  adopted,  it  Mode  of 
mu&t  not  be  forgotten  that  the  work  has  to  be  done  in  the  dark,  conTcying  the 
and  that  the  person  loading  is  necessarily  crouching  down  in  a  ^{1*'^]^,^*^,^'-, 
constrained  position.     The  utmost  care  must  be  taken  to  make 

up  the  charge  outside  the  mine,  in  such  a  way  that  there  shall 
be  the  least  possible  amount  of  work  to  be  done  inside  ffee 
galleiy  itself. 

The  powdct  can  generally  be  best  taken  along  the  galleries 
in  a  miner's  truck,  taking  care  that  the  truck  is  free  from  stones, 
flints,  or  any  substance  likely  to  strike  a  spark. 

As    the  success  of  the  mine    depends  very  much    on  the  Placing  the- 
proper  placing  of  the  charge,  it  is  desirable  that  the  officer  charge  in 
responsible  should  place  it  with  his  owti  hands,  and  should  him-  P^^'****'^ 
self  ascertain  that  the  insertion  of  the  firing  gear  has   been 
properly  made,  and  that  the  wires,  hose,  or  fuze  leading  from 
the  charge,  are  thoi-oughly  protected  from  any  chance  of  injury 
dming  the  subsequent  process  of  tamping. 

879.  The  tamping  of  mines  consists  in  filling  up  the  gallery  Tamping^ 
with  solid  matenal,  for  a  certain  distance  from  the  chamber, 

with  a  view  to  preventing  the  force  of  the  explosion  expending 
itself  in  the  gallery,  rather  than  in  the  direction  in  wliich  the 
mine  is  required  to  act.  The  tamping  should  extend  from  the 
charge  for  a  distance  equal  to  at  least  1^  times  the  line  of  least 
resistance*  of  a  common  mine  corresponding  to  the  charge,  and 

*  The  lino  of  least  resistance  is  the  disiacce  from  the  centre  of  the  charge  to 
the  nearest  surface.    See  para.  &83. 
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if  the  material  used  for  forming  the  tamping  is  not  heavy,  or  is 
only  loosely  packed,  this  distance  should  be  twice  that  line. 

The  materials  usually  employed  in  tamping  consist  of  the 
eai-th  which  has  been  excavated  in  the  formation  of  the  gal- 
leries, sods,  filled  sand-bags,  or  indeed  of  any  heavy  substance 
which  may  be  at  hand.  l£  the  soil  is  clay,  it  may  be  roughly 
moulded  into  bricks,  which  form  an  excellent  material,  and  one 
•vrith  which  the  operation  proceeds  quickly.  Tamping  with 
sand-bagp,  is,  however,  considered  the  most  expeditious 
method. 

In  tamping  galleries,  it  is  often  desirable  to  strengthen  the 
mass  by  pieces  of  timber,  crossing  each  other  diagonally,  and 
with  their  ends  securely  jammed  into  the  sides  of  the  gallery. 

It  has  been  found  that  the  proportionate  value  of  tamping 
decreases  with  the  increase  of  charge,  under  similar  circum- 
stances. 

Tamping  may  be  done  at  the  rate  of  about  2^  feet  an  hour, 
in  a  common  gallery ;  3  feet  in  a  branch  gallery  ;  and  4  feet  in 
A  shaft. 

It  has  been  found  that  leaving  air  spaces  in  a  length  of 
tamping,  while  saving  time  in  the  operation,  has  not  affected  the 
results  unfavourably  ;  experiments  on  this  point  are  still  required. 

Fwcautions.  The  operation  of  tamping  is  very  liable  to  detection  by  the 

enemy  ;  the  cessiition  of  the  sound  of  the  miner  s  pick  and  the 
increased  frequency  of  the  noise  made  by  the  miner's  truck 
passing  up  the  gallery,  when  that  mode  of  conveying  tamping 
material  is  used,  betray  to  a  listener  what  is  going  on. 

It  is.  therefore  better,  when  secrecy  is  essential,  to  avoid 
using  the  truck  for  this  piu-pose,  and  to  continue  the  excavation 
at  some  part  of  the  gallery  near  the  head,  so  as  to  mislead 
listeners. 

Firing  Mines, 

IffHinghv  880.  Electricity  should  always  be  used,  if  the  means  are  at 

lio«eorfa«e.     hand,  to  lire  charges    covered   by    tamping,   especially   when 

several  have  to  be  exploded  simultaneously.  But  other  means 
must  sometimes  be  employed,  and  perhaps  improvised  on  the 
epot. 

Powder  hose  may  be  made  of  strips  of  strong  linen,  forming 
a  tube  about  an  inch  iji  diameter,  and  filled  with  powder  in 
lengths  of  20  feet,  which  can  be  afterwards  sewn  together.  It 
is  laid  along  the  lower  angle  of  the  gallerj'-,  and,  to  protect  it, 
it  should  be  enclosed  in  wooden  troughs,  about  3  inches  square 
•externally,  and  covered  with  earth. 

It  burns  at  the  rate  of  from  10  to  20  feet  a  second. 

Bickford's  imtantajieous  fuse,  which  is  quite  waterproof,  is 
preferable  to  powder  hose,  when  it  can  be  obtained. 

It  bums  at  the  rate  of  about  30  yartls  per  second. 

In  firing  mines  simultaneously  from    the  same  poiut,  the 
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length  of  hose  to  each  of  the  charges  must  be  exactly  equal, 
and,  if  necessary,  mv.st  be  laid  with  bends.  (See  Fig.  1, 
PL  CLXXXI.) 

In  Older  to  give  time  to  escape  before  the  explosion,  the 
powder  hose  or  instantaneous  fuse  must  be  fired  through  the 
intervention  of  some  more  slowly  burning  fuse,  such  as  a 
Boxer's  time  fuse,  a  portfire,  slow  match,  or  a  short  length  of 
ordinary  Bickford's  fuse. 

Slow  match  is  made  by  steeping  rope  in  a  solution  of  saltpetre 
and  limewater  ;  it  bums  wlien  dry  at  the  rate  of  1  foot  per  hour. 

Bickford's  fuse  bums  at  the  rate  of  about  1  yard  per  minute. 

Portfire  bums  at  the  rate  of  1  inch  per  minute.  It  is  very 
useful  for  lighting  fuses. 

881.  For  firing  mines  by  electiitritv  various  machines  and  Firing  by 
various  fuses  may  be  used,  according  to  the  power  required,  ^'^^-'^^^^v- 
the  nature  of  the  explosive,  and  the  means  of  carriage.     Where 
special  appliances  are  not  at  hand,  othei-s  may  be  improvised. 
Ihese  are  all  fully  described  in  the  *' Instruction  in  Military 
Engineering,"  compiled  at  Chatham. 

For  mine  warfare,  in  which  it  is  important  that  there  should 
be  no  failure,  and  a  fuse  found  to  be  defective  cannot  be  renewed 
without  removing  the  tamping,  the  most  suitable  appliance,  in 
most  cases,  is  the  Quantiii/  Dynamo- Electric  M<ichine,  with  the 
iridio-platinum  wire  fu»e,  if  the  charge  is  of  gunpowder.  With 
this  machine  an  electric  current  is  set  up  by  a  large  electro- 
magnet. This  current  is  transmitted  to  the  fuse  by  means  of  an 
ordinary  field  service  telegraph  cable,  consisting  of  seven  tinned 
copper  wires,  insulated  with  mdia-rubber,  which  should  be  fixed 
in  the  right-hand  top  comer  of  the  gallery. 

The  fuse  consists  of  a  cup  of  beech-wood,  having  two  copper 
tubes  inserted  into  the  cup-head  ;  from  these  tubes  two  rather 
fine  wires  lead  into  the  hollow  of  the  cup,  which  are  kept  ^-inch 
apart,  and  are  connected  at  the  ends  oy  a  piece  of  fine  iridio- 
platinum  wire.  This  wire  is  wrapped  round  with  a  small  piece 
of  fleecy  guncotton,  and  the  hollow  of  the  cup  is  filled  with  mealed 
powder.  The  current  passing  through  the  fine  ])Iatinum  wire, 
heats  it,  and  so  fires  the  guncotton  and  explodes  the  fuse,  which 
is  placed  in  the  heart  of  a  powder  bag. 

The  return  wire  necessary  to  complete  the  circuit  may  either 
be  led  directly  back  to  the  machine,  or,  if  several  mines  are  to  be 
fired  simultaneously,  it  may  be  led  through  as  many  other  fuses 
as  the  power  of  tiie  machine  will  be  equal  to  at  one  time. 
Occasionally,  instead  of  a  continuous  return  wire,  the  earth  itself 
is  made  use  of  to  complete  the  circuit 


Charges  and  effects  of  Mines. 

882,  The  most  important  explosives  for  mines,  in  addition  Exploeivcs. 
to  gunpowder,  are  compressed  guncotton  and  nitro-glycerine. 
In  considering  the  actions  of  these  it  is  necessary  to  distinguish 
between  the  technical  meanings  of  the  terms  *' explosion  and 
*•  detonation."  Gunpowder  explodes,  whereas  guncotton,  Gunwwd 
dynamite,  &c.,  detonate.  Detonation  is  more  rapid  than 
explosion,  and  may  be  compared  to  a  blow,  when  the  other  is 
considered  a  push ;  the  difference  is  one  of  degree  and  not  of 
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kind.     By   npecial    arrangements    even    gunpowder    may    be- 
detonated,  and  ita  action  in  thia  case  in  made  more  violent^ 

(Tuncotton  is  ordinary  cotton  fibre  treated  witli  a  mixture 
of  nitric  and  Hulphuric  acids ;  the  pnlp  thus  fonned  is  compressed 
into  discs  or  slabs  by  means  of  moulds,  and  when  used  it  is 
detonated  by  means  of  some  of  the  vi^ry  explowive  fiilminntea 
(or^iiic  metallic  salts)  made  up  in  detonatora.  It  haa  the  great 
advantage  that  it  can  be  detonated  when  wet,  in  which  state  it 
will  not  burn,  and  can,  in  conseq^uence,  be  stored  with  much 
great<*r  safety  than  Avhen  dry. 

The  proportion  of  ginicotton  to  gniipowdi*r,  to  produce 
the  8:ime  effect,  varies  between  |  and  ^  by  weight,  according 
as  the  charge  is  more  or  less  perfectly  tanipi'd.  It  has, 
ther^fon,',  very  gi'eat  advantages  for  uso  in  all  situations 
when;  the  tanjping  nuist  bt»  imperfect,  as  also  where  the  charge 
is  liable  to  be  wetted,  and  where  the  space  for  it  is  small.  It 
is  to  l)e  prefeiTed  for  the  demolition  of  walls  and  arches,  but  is 
not  so  generally  suitable  as  gunpowder  for  use  in  mine  warfare, 
because  the  carbonic  oxide  gas  produced  by  it  (and  by  dynamite 
also)  is  so  dtiadly  that  the  gi-ound  soon  becomes  unfit  for  further 
mining  operations. 

The  nitro-glycerine  compounds  are  obtained  by  mixing 
common  glycerine  with  the  mixed  acids ;  tlie  immediate  result 
of  this  process  is  the  explosive  '*  blasting"  oil  of  commerce, 
which  also  acts  by  detonation.  Tlie  Inst  mentioned  explosive 
has  not  been  adopted  in  the  British  service,  but  it  may  be  met 
with  in  warfare,  as  it  is  largely  used  for  quariying  and  blasting 
in  civil  works,  either  in  its  fluid  state,  or  made  up  for  greater 
safety  into  a  solid  compound  known  as  difiimnite,  which  for  all 
essential  pui'poses  may  be  described  as  a  mixture  of  earth  (of  a 
special  cnaracter)  with  the  tluid  nitro-glycerine.  Dynamite 
is  very  similar  in  its  action  to  guncotton,  but  a  little  weaker. 

883.  When  charges  of  powder  arc  fired  under  the  surface  of 
the  ground,  the  effects  caused  by  their  explonion  necessarily 
depend  on  the  quantity  of  powder  used,  on  the  dc.'pth  below 
the  surface  at  which  it  is  placed,  and  on  the  nature  of  the  soil. 
Besides  any  effect  on  the  surface  of  tlie  ground,  an  internal 
commotion  is  produced,  capable  of  destroying  any  shafts  or 
galleries  in  the  immediate  neighbourhood.  The  dist<ances  from 
the  charge  to  which  this  commotion  extends  are  called  the  radii 
of  rupture.  When  the  charge  is  so  small  as  not  to  pmduce  any 
effect  at  the  surface,  the  radii  of  rupture  may  be  expe(?ted  to  be 
equal  in  all  directions,  if  the  soil  is  homogeneous.  But  when  the 
charge  is  sufBciently  large  to  raise  and  scatter  a  portion  of  the 
earth  above  it,  forming  a  circular  hollow  or  crater,  the  horizontal 
radii  of  rupture  are  generally  much  gi-eater  than  the  vertical 
ludii  (Fig.  2,  PI.  CLXXXI). 

The  radius  of  the  circular  opening  on  the  surface  of  the 
ground  is  called  the  radius  of  the  crater.  The  line  drawn  from 
tne  centre  of  the  charge  to  the  nearest  surface  is  called  the  line 
of  least  resistance  (L.L.R.).  It  is  always  given  in  feet.  The  Kne 
cuuwn  from  the  centre  of  the  charge  to  the  edge  of  the  crater 
is  called  the  radius  of  explosion.     A  crater  of  which  the  diameter 
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is  equal  to  the  Hue  of  least  resistance,  is  called  a  one-lined  crater ; 
when  the  diameter  is  double  the  line  of  least  resistance,  a  two-lined 
crater,  and  so  on.  Mines  charged  so  as  to  produce  two-lined 
cratera,  are  known  as  common  mines;  if  more  heavily  charged,  they 
are  called  overcharged  mines  ;*  those  with  smaller  charges  under^ 
charged  mines,  and  those  with  charges  so  smalLasnotto  produce 
any  craters,  camonflets.  Charges  are  said  to  be  at  one-,  two-,  three-y 
&c.,  lined  intervals,  when  the  distances  between  their  centres 
are  respe(*tively  ^,  -I,  |-,  &c.,  of  the  sum  of  their  lines  of  least 
resistance. 

'J'he  forms  of  craters  being  very  in-egular,  from  the  fact  that  Forms  of 
mucli  of  the  earth  falls  back  nito  them,  there  is  some  difficulty  ^™  ®^' 
in  selecting  a  regular  figure  whose  solid  content  will  be  neai-ly 
a  mean  of  those  of  the  craters.  It  is,  however,  allowed  that 
the  original  content  of  a  two-lined  cmter  is  about  equal  to  that 
of  a  frustum  of  a  cone,  of  which  the  height  and  the  radius  of 
the  larger  circle  are  each  equal  to  the  line  of  least  resistance, 
and  the  radius  of  the  smaller  circle  equal  to  half  that  line.  The 
solid  content  of  such  a  figure  is  equal  to  ^  L.Ii.R'. 

884.  The    quantity   of    powder   to   be   used  is   generally  Rules  for 
given   in   tenns   of  the   cube   of    the   line  of  least   resistance  ^^.^A*'"^ 

/I    T   D3\  powder 

\\.i,\^.i\.  ),  eborgea,  Ac 

The  following  formulse   may  be  employed  for  calculating  of  mines  im 
the  powder  charges  of    mines,  and  then-  radii  of  rupture  in  *^'^^^^'* 
earth ;  /  representing  the  L.L.R,  in  feet,  r  the  radius  of  the 
crater  also  in  feet,  and  c  the  charge  of  powder  in  lbs. 

(1)  In  a  connuon  mine,  c  =     — /* 
^  ^  10 

(2)  In  an  overcharged  or  1       ^     Ll  U  (r^l^O^^V 
an  undercharged  mine  j  10  L  J 

Hence,  if  c'  is  the  charge  of  an  overcharged  or  undercharged 
mine,  and  c  the  charge  of  a  common  mine  having  the  same 
L.L.R. 

(3)c-.x(0:^'-fO-iy- 

Theoretically  with  a  camouflet  r  =  o,  and  the  formula  for 
an  undercharged  mine  becomes  an  absurdity,  but  in  fact  when 
the  value  given  to  r  is  less  than  ^  /,  and  the  charge  conse- 
quently less  than  one-sixth  of  that  for  a  common  mine  of  the- 
same  L.L.ll.,  an  undercharged  mine  becomes  a  camouflet,  and 
no  crater  is  formed. 

These  formulte  relate  only  to  mines  in  common  earth  ;  for  any 
other  material  the  results  require  to  be  modified  by  the  folio wingr- 

co-efficients.      Thus  in  the  formula  c  =  ^P, 

10 


*  Or  sometimes  globes  of  compression  ;  but  this  term  nay  apply  to  all  mine»> 
intended  for  the  destruction  of  galleries,  whether  oyer  or  under  charged. 
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Nature  of  soil. 

For  very  light  earth « 

coDimoxi  earth 

earth  mixed  with  stones 

„    clay  mixed  with  loam 

„     inferior  brickwork         

„    rock  or  good  new  brickwork 

„     very  good  old  brickwork  

In  a  common  mine — 

7 
(4)  Thj  horizontal  radius  of  rupture  is  -/. 


0-80 
100 
1-25 
1-40 
1-56 
1-66 
2-25 
2-50 


J/. 


(5)  The  vertical  radius  of  rupture  is  l^/2  or  ^ 

Expressing  these  in  terms  of  the  charge, 

7       

(6)  The  horizontal  radius  of  rupture  is  j  y^lO  c, 

7       

(7)  The  vei-tical  radius  of  nipture  is  -  ^Vio  c. 

The  former  is  found  to  retain  this  relation  to  the  charge  for 
overcharged  and  undercharged  mines  also.  Consequently  the 
horizontal  radius  of  rupture  will  be — 

This  is  not  the  case  with  the  vei-tical  radius  of  nipture,  the 
pressure  in  this  direction  being  influenced  by  the  depth  of  the 
charge. 

It  has  been  found  at  Chatham  that  the  earth  is  affected  to  a 
depth  of  1§^  with  a  3-lined,  21  with  a  5-lined,  and  2il  with  a 
7i-lined,  crater.    (Fig.  3,  PI.  CLXXXI.) 

Experiments  have  been  made  to  ascei-tain  how  much  a 
charge  must  be  increased  to  make  up  for  diminished  tamping,* 
leading  to  the  conclusion  that  with — 

f  tamping,  the  charge  must  be  increased  by  :J 


X 

3 

99 

» 

» 

No 

99 

>» 

99 

99 


doubled ; 


i 


or  otherwise  that  the  efiFects  will  only  be  such  as  would  be  pro- 
duced by  fully  tamped  charges  of  four-fifths,  two-thirds  and 
one-half  respectively. 

The  charges  obtained  by  the  above  formulaa  are  for  common 
earth ;  they  must  in  other  cases  bo  multiplied,  as  before  stated, 
by  co-efficients  depending  on  the  nature  of  the  material.  Wliere 
the  object  is  to  rupture  galleries,  theii*  strength  and  direction 
must  also  be  taken  into  account. 


*  M9UX6,  "  Fortification  Souterraine." 


JL 


PL.CLXXXI 


fbr   s'mmJtixmmovus  iSx^vruf. 


Firhuf  pcvxt' 


Fig.  Z.  Cmmwn  Mine. 


JVgfS  Undin*(*hnrfjftd/ JUiitis , 


(Soalef^j 


J^."^.  OverchargieSj  JtijvdS, 


t  *> 


It-  ■» 


Qxnim'.  "~'~ 

Wmdb       „   1^68  ,  f5.8.C)-- 

'JVtuO/      „   9,VZ  ^  f2t7Cl-.X.„ - 7»y/^25l, 


Krv  M 9(2.461)..^ 

4i 3(3.1511,.  .^ 

.Si.9IS.8Sl). 


-f^tr 


'_»'- 


6S.3  4.rM 


'9/ 


I 


L 


Opp.pCLffe  ZfOS- 


J«M&C*L««.L<U  •S.CiH«pUnc.  «'<'7.«i..MA;. 


ELEMENTS  OF  MINING. 


269 


The  formiilsB  given  above  are  the  best  approximation  that  can 
be  furnished  ;  but,  as  regards  overcharged  mines,  the  experiments 
of  which  we  have  details  are  too  few  to  admit  of  deducing  from 
them  general  rules  which  can  be  thoroughly  relied  on. 

The  determination  of  the  radii  of  rupture  for  undercharged 
mines  is  even  more  doubtful ;  the  experiments  have  been  fewer, 
sind  the  results  are  affected  by  the  elasticity  of  the  ground,  and 
the  isti'ength  of  the  galleries  within  the  sphere  of  ruptui*e. 

The  results  of  some  of  the  chief  experiments  ttiat  have  been 
made  with  overchai-ged  mines  are  given  in  the  following  table  : — 


Charge. 

Radius  of  Crater. 

riucc  and  Date 

(and  Aulhvir  from  tthom 

quoted). 

L.L.li. 

Ratio  to 

that  of  a 

common 

mine. 

Batio 

to 
L.L.B. 

Remarks. 

J.  IjiFferc,  1732  (r*;     ... 
(Uclidor,  p.  368.) 

Ft: 

10 

in. 
10 

lb*. 
1,296 

10-3 

Ft.   in. 
24    4 

2*25 

(a)  Two  fralleries  de- 
stroyed; one  dis- 
tant 46|  ft.  hori- 
eonully,  the  other 
14  ft.  vertically. 

2.  Btel,  1763  0) 

(Bclidor,  p.  876.) 

13 

0 

3,240 

14-7 

35    9 

2-76 

(6)  Two  galleries  de- 
stroyed; one  dis- 
tant 52  ft.  hori- 
zontally, the  other 
distant  15  ft.  ver- 
tically. 

9.  Potsdam,  I7M  (c)    .. 
(Houz^,  p.  169.) 

16 

3 

3,240 

7-5 

35    0 

21 

(c)  A  gallery  49  ft, 
distant  hotizon- 
tally,  destroyed. 

4.  Verdun,  1769  (./)     ... 
(Gillot,  p.  286.) 

15 

9 

4,320 

11-1 

34    8 

2-2 

((0  A  gallery  35  ffe. 
distant  horizon- 
tally, "compres- 
sed. ''  Another 
08i  ft.  distant 
horizontally,  an<ft 
12  ft.  vertically,, 
destroyed. 

6.^ 
6. 

7> 

r 

Siege  of  Schwdd- 
nltz,  1762.        1 
(Moiud,  p.  216.) 

IG 
19 
21 

3 
6 
8 

5,406 
2,695 
2,762 

12-6 
3-3 
2-7 

42    S 

32    0 
32    G 

«-6 
1-6 
1*5 

8.  Siege  of  Valcndenncf, 
1793. 
(Lagrange^  p.  234.) 

16 

G 

4,845 

lC-7 

38    G(f) 

2-3 

(e)  The  smallest 
diameter  of  three 
craters  produced 
by  three  similar 
charges. 

9.  >Ietz,  1824     

(JiUui.) 

16 

6 

f,377 

7-5 

33    0 

2-0 

10.  Montpclller,  1839     ... 
{litem.) 

8 

3 

2,200 

89-3 

28    6 

3*4 

11.  Arras,  1847    

(hUuu) 

23 

0 

3,377  • 

2-8 

39    2 

1-7 

12.  Jttlicrs,  1860 

(P.P.E.E.,  X,  171.) 

18 

0 

1,7G0 

29 

26   6(/) 

1-5 

(/)   The    mo.in  of 
two  craters— 25  ft. 
and  28  ft.  radius,, 
produced  by  simi- 
lar charges. 

13.^ 

f 

22 

6 

2,710 

2-4 

36    0 

1*6 

14.- 

Graudenz,  1862      J 
(/(/^/j»,  XII,  214.)  1 

24 

0 

1,700 

1-2 

28    6 

1-0 

15.  J 

V 

20 

0 

4,950 

62 

42    6 

21 

16.  Coblentx,  1868 
(Idem,  XYll,  166.) 

18 

0 

1,800 

81 

27    0 

2-0 
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Section  2. — Application  of  Mines. 

Breaching  by  Mines. 

885.  Mines  may  be  employed  by  a  besieger  to  blow  in 
counterscarps  and  to  breach  escarps  and  caponiers,  either  after 
overcoming  the  resistance  offered  by  the  countermines  of  the 
besieged,  or  in  cases  where  the  want  of  miners  or  mining  ap- 
pliances have  made  such  resistance  impossible. 

The  charges,  if  there  are  no  counterforts,  should  be  placed 
at  two-lined  intervals,  and  ordinarily  calculated  at  \  L.L.K.*^ 
If  there  are  counterforts,  the  charges  should  be  eitlier  imine- 
diately  behind  them,  or  at  all  events  behind  the  plane  of  their 
tails,  so  that  they  may  not  be  left  standing  after  the  fall  of  the 
wall.  The  distance  upwards,  to  the  surface  of  the  ground  or 
rampart,  should  be  at  least  one  and  a  half  times  the  horizontal 
distance  to  the  face  of  the  wall ;  and  the  charges  should  be 
about  3  feet  above  the  level  of  the  bottom  of  the  ditch. 
Where  these  conditions  cannot  be  satisfied,  the  charges  must 
l)e  increased  or  put  at  closer  intervals. 

To  place  the  charges  in  position,  behind  an  escarp  wall — 

(1)  Galleries  may  be  driven  through  the  revetment.     (Fig. 

1,  PI.  CLXXXII);  or 

(2)  Shafts  may  be  sunk  at  the  foot  of  the  revetment,  and 

galleries  driven  under  the  foundations,  if  rock  or  water 
does  not  interfeie. 

In  the  case  of  a  counterecarp  wall,  shafts  may  be  sunk  in 
the  earth  behind  the  revetment  (Fig,  4),  or  inclined  galleries 
driven  from  the  besiegers'  lodgment  (Fig.  2). 

Each  shaft  or  gallery  may  be  made  to  serv^e  for  two  mines, 
branches  being  carried  right  and  left  along  the  back  of  the 
revetment ;  or  a  separate  shaft  or  gallery  may  be  made  for  each 
mine.     The  latter  involves  more  labour,  but  saves  time. 

Mines  placed  behind  a  salient  angle,  especially  if  acute, 
produce  more  effect  than  behind  a  straight  line  of  wall. 

If  there  are  no  counterforts  it  will  still  be  best  to  place  the 
charges  some  distance  behind  the  wall,  in  order  that  they  may 
take  effect  on  the  earth  as  well  as  on  the  wall,  and  that  a  prac- 
ticable breach  may  be  formed. 

886.  In  dealing  with  walls  not  backed  by  earth,  whether 
detached  escai-p  walls,  or  the  walls  of  casemates,  if  they  are  very 
thick,  small  galleries  may  be  cut  into  the  heart  of  them,  and 
chambers  formed  in  a  recess  on  one  side;  or,  if  the  masonry  is 
very  hard,  shafts  may  be  sunk  and  charges  lodged  under  the 
centre  of  the  foundation. 

With  walls  of  3  to  4^  feet  thickness,  there  is  no  room  for 
galleries.  Charges  should  be  laid  all  along  the  outside  of  the 
wall,  or  if  possible,  sunk  a  Uttle  way  into  it,  so  as  to  diminish 
the  L.L.R.,  and  covered  over  with  earth  fi'om  a  trench  dug 
S  or  10  feet  from  it  (Fig.  3).      Guncotton  is  best  in  such  cases, 
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end  if  it  is  used,  a  thickness  of  tamping  equal  to  the  thiok- 
ness  of  the  masonry  will  be  quite  sufficient. 

From  one-third  to  oue-half  the  square  of  the  thickness  of  the 
wall  iu  feet  (according  to  the  quality  of  the  brickwork)  will  give 
the  charge  in  Ibe.  per  foot  run,  for  guncotton,  if  simply  placed 
against  the  wall  in  close  contact.  This  may  be  greatly  reduced  if 
the  cluirge  is  placed  in  a  groove  in  the  wall. 

887.  Counterarched  revetments  may  be  demolished  either  Counter- 
by  numerous  small  charges  lodged  in  or  against  the  several  arched  revet- 
walls  of  wliich  they  are  composed,  or  by  fewer  and  larger  ™«°*'- 
charges  placed  in  the  centre  of  each  vaulted  chamber  (Fig.  5). 

In  the  latter  case  the  doors,  loopholes,  and  all  other  outlets 
must  be  blocked  up  with  sand-bags.  The  charges  should  be 
equal  to  about  ^  L.L.R.^  the  line  of  least  resistance  being 
measured  from  the  centre  of  the  chamber  to  the  face  of  the 
revetment,  and  the  charges  placed  at  two-lined  intervals.  If 
gimcotton  is  used,  one- fourth  of  the  charge  thus  calculated 
will  suffice. 

888.  The  demolition  of  bridges  may  be    either  hasty  or  Demolition  of 
deUberate.      Uehberate   demolition,  from  a   military  point  of  bridgeg. 
view,  does  not,  however,  imply  a  command  of  unlimited  time. 

As  a  definition,  it  may  be  stated  that  when  thirty  to  sixty  boui*8 
are  available  for  the  destruction  of  a  bridge,  the  operation  may 
be  considered  deliberate. 

A  single-arched  bridge  or  one  in  which  the  piers  are  short 
and  thick  should  be  attacked  at  the  haunches ;  with  high  piers 
it  is  best  to  attack  the  piers  themselves,  at  or  near  their  bases, 
by  placing  charges  in  them  at  two-lined  intervals,  and  ex- 
ploding them  simultaneously;  the  cliances  of  failure  are 
reduced  by  using  a  number  of  smaller  charges  instead  of  one 
large  one. 

In  the  Franco- Austi^an  war  of  1859,  the  Austrians  attempted 
to  destroy  the  bridge  at  Magenta  by  placing  charges  in  two 
piers ;  the  piers  were  short  and  thick  and  strongly  built ;  the 
arches  were  of  granite.  The  result  of  the  ex}Mosiou  was  to 
raise  the  structure  for  a  moment,  and  it  then  subsided  in  a 
dilapidated  but  still  serviceable  state  upon  the  original  supports 
and  the  French,  in  consequence,  were  enabled  to  make  use  of 
the  bridge. 

In  attacking  the  arches  the  object  sought  is  to  drive  out  a 
wedge  of  voussoins  across  the  whole  width  of  the  arch,  or  to 
cause  such  flexure  in  the  arch  as  will  entail  its  fall.  'J'o  do  this, 
either  a  single  charge  at  its  centre  or  a  series  of  clitfi-ges  laid  in 
a  line  across  the  arch  may  be  used.  The  masonry  ot  the  arch 
being  stronger  than  ordinary  masonry,  it  is  nei-essary  to  have 
a  less  distance  from  the  position  of  the  charge  to  the  under 
side  of  the  arch  than  to  the  side  walls  of  the  bridge;  as  a 
general  nile  the  latter  should  be  twice  the  former.  The  • 
distance  from  charge  up  to  surface  of  roadway  should,  if 
possible,  be  three  times  that  from  charge  to  inner  side  of  arch. 
The  length  of  tamping  should  also  be  equal  to  3  L.L.R* 
Unless  the  bi-idge  is  vciy  narrow  it  is  butter  to  distribute  the 
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powder  in  two  or  more  smallor  charges  across  the  hauucli  than 
to  use  a  single  large  cliarge. 

From  experiments  made  at  Corfu  the  followiug  formula  baa 
been  deduced  for  the  demolition  of  a  strongly  built  arch — 

C  =  |L.L.R«xB 
when  C  =  charge  in  pouuos  of  powder,  to  be  used  in  one  or  more 
charges  at  a  depth  below  the  roadway  equal  to  twice  the  distance 
measured  through  arch  (L.L.R),  B  =  breadth  of  bridge :  R  and 
L.L.R.  being  both  expressed  in  feet. 

To  place  charges  in  position  in  the  case  of  a  wide  bridge,  a 
shaft  may  be  sunk  in  the  centre  of  the  roadway,  tlie  traffic 
being  passed  on  both  sides  of  it.  In  a  narrow  bridge  over 
which  traffic  has  to  pass,  the  positions  required  for  the  mines 
must  be  reached  by  horizontal  galleries  through  the  side  walls ; 
in  this  case  the  roofs  of  the  galleries  must  be  supported  if 
necessaiy  by  props. 

In  the  case  of  an  iron  girder  bridge  supported  on  masonry 
piers,  the  most  complete  mode  of  demolition  is  to  destroy  the 
piens ;  the  girders  in  falling  will  generally  be  so  buckled  as  to 
prevent  their  being  used  again. 

Suspension  bridges  may  be  destroyed  by  imcoveriug  and 

loosening  one  of  the  anchorages;  or  one  of  the  piers  supporting 

the  cables  may  be  blown  up  some  distance  below  the  saddle ; 

or  again,  the  cables  may  be  cut  through  with  guucotton ;   as 

was  done  by  the  German  engineers,  near  Rouen,  in  1871. 

Demolition  889.  When  a  work  is  to  be  abandoned,  the  demohtion  of  its 

in  view  of        revetments  or  casemates  may  sometimes  be  undeitaken,  in  order 

ahaadonnjcnt.   j.]^^^  j^  j^^g^y  i^^  ^f  ^j^^  |gga  value  to  an  enemy.     But  it  is  not  the 

object  in  such  cases  to  form  strictly  practicable  breaches,  and 
partial  failures  can  usually  be  remedied  afterwards.  The 
aggregate  amoimt  of  powder  required  is  always  veiy  con- 
siderable, and  it  becomes  important,  therefore,  to  study  economy, 
and  to  place  the  charges  in  the  walls  rather  than  behind  or 
against  them. 

The  walls  of  buildings  are  most  economically  destroyed  by 
thus  placing  charges  in  the  centre  of  the  wall.  The  holes  to 
contam  the  charges  may  be  **  jumped"  or  bored,  their  direction 
being  usually  at  an  angle  of  45°  to  the  horizon;  by  this 
arrangement  a  sufficient  length  of  tamping  is  obtained.  A 
greater  effect  is  obtained  by  using  two  incUued  holes  meeting 
or  crossing  in  the  centre  from  opposite  sides  of  the  wall  than 
from  a  series  of  holes  driven  alternately  from  each  side  of  the 
wall  only. 

Tactics  of  Subterranean  Warfare, 

Initiatire  800.  A  beseiger  mav  find  so  much  difficulty  in  an  advance 

of  besieger.  •  by  sap  above  ground,  in  the  close  attack,  if  he  has  been  unable  to 

subdue  thoroughly  the  fire  of  the  fortress,  that  he  may  some- 
times resort  to  mining  as  the  most  expeditious  means  of  gaining 
ground ;  and  accordingly  the  besiegea  should  be  ready  to  meet 
him  and  to  hold  him  in  check  by  countermines. 
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For  instance,  the  French,  at  Sebastopol,  in  the  attack  of  the 
Flaji^staff  Bastion,  found  themselves  unable  to  make  any  progress, 
beyond  their  third  parallel,  which  was  150  yards  from  the  counter- 
scarp. They  ran  forward  mine  galleries,  therefore,  hoping  to  make^ 
some  explosions  near  the  Bastion,  which  would  cause  confusion 
there,  and  favour  an  assault.  When  these  were  discovered  and 
stopped  by  the  Russians,  the  French  threw  out  branches  frouk 
them  right  and  left,  and  fired  several  overchar;^ed  mines,  forming 
a  line  of  large  craters,  halfway  between  the  third  parallel  and  the 
counterscai^.  Behind  these  they  were  able  to  place  their  fourth 
parallel,  and  the  making  of  the  communications  to  this  from  the 
third  parallel  was  assisted  by  intermediate  mines  placed  upon  the 
flanks. 

Or,  on  the  other  hand,  the  besieged  may  have  prepared  their  Initiative' 
countermines  beforehand,     and    be    ready    to    blow    up    the       l»««ge* 
approaches  and  batteries  of  the  besieger,  if  he  pushes  forward 
diOTegarding  them ;  and  they  may  thus  be  able  to  compel  the 
besieger  to  engage  in  an  underground  contest,  which  he  would 
otherwise  be  glad  to  avoid. 

But  whichever  may  take  the  initiative,  the  main  features  of 
the  contest  are  the  same. 

The  besieger  enjoys  the  great  advantage  of  being  enabled  to  Comparison 
use  very  large  charges  which  wiU  rupture  galleries  at  a  con-  ^J*^^  "*^ 
siderable  distance,  and  which  will  give  nim  valuable  cover  above 
ground  by  the  craters  they  form.  The  fear  of  affording  such 
cover  to  the  besieger  will  usually  restrain  the  besieged  from  the 
employment  of  large  charges,  and  they  must  wait,  therefore,  for 
the  near  approach  of  their  enemy  before  they  explode  their  mines. 
They  are  within  his  reach  long  before  he  is  within  theirs. 
The  chief  point  in  their  favour  is  that  they  can  prepare  before- 
hand a  network  of  galleries,  which  will  give  facilities  for 
watching  for  his  advance,  and  for  pushing  quickly  forward  in 
any  required  direction  to  meet  him.  But  Sie  existence  of  these 
galleries  makes  it  all  the  more  necessary  for  the  besieged  to  use 
moderate  charges,  in  order  that  they  may  be  as  little  injured 
as  possible  by  the  action  of  the  defensive  mines.  The  besieger, 
if  he  believes  himself  to  be  threatened,  and  is  anxious  to  save 
time,  may  load  and  fire  his  mines  with  Httle  or  no  tamping ;  but 
if  the  besieged  were  to  attempt  to  do  this,  a  large  portion  of 
the  adjoining  galleries  would  oe  destroyed,  and  the  remainder 
so  filled  with  smoke  as  to  be  useless  for  some  time.  ^ 

It  will  be  seen,  therefore,  that  the  besieged  fight  at  great  ** 

disadvantage ;  but  their  opportunity  lies  in  the  temptation  that 
the  besieger  is  under,  both  for  economy  of  powder  and  for 
quicker  progress,  to  push  forward  too  far,  before  he  fires  each 
overcharged  mine. 

891.  The  methods  to  be  used  by  the  attack  may  be  thus  Attack  t 
summarised.     By  means  of  plans  and  spies  every  effort  should  ^^ 
be  made  to  ascertain  the  disposition  of  the  enemy's  counter- 
mines.   Attacking  these  on  as  large  a  front  as  possible,  the 
heads  of  the  galleries  of  the  attack  should  be  placed  on  a  lino 
as  nearly  parallel  to  the  ends  of  the  countermmes  as  possible, 
80  as  to  an-ive  within  striking  distance  of  thorn  on  each  line  of 
approach  at  about  the  same  time.     These  galleries  of  approach 
start  either  from  a  parallel  or  from  a  mine  lodgment  (which  is 
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a  trciicli  of  Birnilar  profile  in  advance  of  the  parallel  and  con- 
nected wathit  on  t!ie  flanks)  and  are  driven  as  inclined  galleries 
from  the  lodgment  or  from  shafts.  When  the  galleries  reach 
a  depth  a  least  equal  to  that  of  the  countermines,  they  are 
continued  at  the  same  depth  to  a  length  of  at  least  2  L.L.R. 
On  their  heads  arriving  near  the  ends  of  the  countermines — 
but  not  nearer  than  about  14  vards,  which  is  the  distance  at 
which  the  operations  become  audible  to  the  enemy's  miner — 
the  mines  (overch  irged)  are  prepared  and  fired.  Lodgraenta 
are  at  once  formed  in  the  craters  and  connected  with  the 
original  mine  lodgment.  From  those  lodgments  the  same 
tactics  are  repeated,  the  enemy's  countermines  when  broken 
into  occupied,  and  in  this  manner  the  ground  is  gradually 
gained  and  thi»  defender  slowly  but  surely  driven  back  till  the 
besieger  arrives  at  the  counterscarp  of  the  fortress. 

At  the  commencement  of  the  subterranean  war  the  main 
object  of  the  defence  is  to  force  the  besieger  to  take  to  mining 
ojjerations  as  early  as  possible,  as  it  is  a  tedious  operation  and 
will  prolong  the  siege.     Every  endeavour  must  oe  made  to 
push  forward  countermines  so  as  to  meet  and  check  the  attack. 
For  rules  as  to  depth  and  distance  apart  of  these  galleries  see 
the  countermine  system  described  farther  on  (paras.  895  ct  seq.). 
On   the   approach    of    the    opponents  to   each   other   careful 
listening  for  the  enemy  must  be  resorted  to.     To  this  end  it  is 
necessary  at  irregular  intervals  to  suspend  all  work  for  some 
minutes  at  a  time,  closing  doors  of  communication  and  em- 
ploying experienced  listeners  at  the  heads  of  the  counteriuines. 
This  matter  is  a  most  important  one,  as  a  premature  explosion 
of  the  defender  s  mines  is  a  double  loss  to  the  defender,  a  loss 
of  a  mine  and  an  advantage  to  the  enemy  in  more  than  one 
way.     As  soon  as  the  overcharged  mines  of  the  besieger  have 
been  fired,  a  heavy  fire  should  be   brought   to  bear  on   the 
craters,  and  if  possible  sorties  should  be  made  to  prevent  the 
enemy  occupying  them.     At  the  same  time  every  effort  should 
be  made  underground  to  surround  with  galleries,  and  as  it  were 
isolate,  the  craters  so  as  to  prevent  the  besieger  making  a  new 
advance  from  them.     The  efforts  of  the  attack  at  this  stage 
will  probably  be  directed  to  the  formation  of  what  are  called 
*'  Boule  shafts  "  {i.e.  shafts  partially  lined  in  which  charges  are 
hastily  fired  with  little  or  no  tamping),  and  to  meet  these  in 
time  the  defender  may  resort  to  the  use  of  boring  tools,  and 
so  place  charges  somewhere  in  advance  of  the  heads  of  the 
countermines.     His  great  object  must  bo  to  prevent  as  long  as 
possible   the  besieger  from,  getting  underground  again;    and 
these  occasions,  when  the  power  of  resistance  is  temporarily 
equal  to,  if  not  greater  than,  that  of  the  attack,  should  be  made 
the  most  of  by  the  defence. 

892.  The  following  extracts,  eivii 
and  defence  laid  down  by  General  Todleben,  from  the  experience 
gained  at  Sebastopol,  will  more  fully  illustrate  the  methods  of 
mine  warfare.* 


riving  the  rules  for  the  attack 


•  See  Boyal  Engineen, "  Occasional  Papera,"  vol.  1, 1877. 
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The  Attach 

"  The  besieger  should  advance  by  several  galleries,  taking  -^t^^^k- 
care  to  secure  those  on  the  flanks  by  listeners.  He  must,  how- 
ever, be  energetic  and  persistent  in  his  attack,  for  the  defence 
will  turn  every  moment's  delay  to  account  in  the  development 
of  his  system  of  countermines,  so  as  to  arrange  an  attack  by  a 
superior  number  of  listeners. 

"  Once  within  the  sphere  of  the  enemy's  mines,  tlie  besieger, 
when  he  receives  the  first  camouflets,  must  in  no  way  slacken 
his  advance,  even  though  some  of  his  branches  may  have  been 
•struck. 

"  On  the  contrary,  this  is  the  very  time  that  he  must  make 
every  exeiiion  to  fire  his  overcharged  mines  in  the  galleries 
that  are  still  uninjured,  in  order  to  destroy  the  countermines, 
-and  so  bar  the  way  to  the  besieged. 

"  One  can  rarely  attain  one's  end  in  such  a  case  without 
suffering  loss  more  or  less  heavy ;  but  too  much  prudence  and 
■circumspection  for  the  sake  of  avoiding  loss  will  almost  always 
result  in  complete  failure  for  the  besieger. 

"  liefore  firing  the  overcharged  mines  the  besieger  must  have 
everything  in  readiness : — 

(1)  For  occupying  and  entrenching  himself  in  the  craters 

immediately  afterwards. 

(2)  For  forming  an  open  communication  from  the  trenches 

to  the  craters  by  means  of  the  sap,  helped  by  inter- 
mediate explosions  simultaneous  v/ith  the  overcharged 
mines. 
{3)  For  constructing  a  certain  number  of  shelters  for  the 
guards  told  off  to  protect  the  craters  against  sorties. 
For  this  purpose  the  French  arrangement  before  No.  4 
bastion,  of  a  parallel  behind  the  rim  of  the  crater  may 
be  recommended. 

"After  having  occupied  the  craters,  the  besieger  should 
push  on  from  them  at  once  with  his  galleries, — usually  straight 
forward  to  continue  the  attack,  but  sometimes  also  laterally  to 
secure  the  flanks  and  to  connect  the  craters  by  mines  between 
them. 

"  The  galleries  of  attack  must  be  long  enough  to  allow  of  a 
tamping  corresponding  to  the  charges  If  by  any  accident 
this  cannot  be  complied  with,  heavier  charges  must  be  used  to 
make  up  for  the  shortness  of  the  galleries.  The  besieger  should 
only  use  camouflets  in  exceptional  cases,  or  when  the  counter- 
miner  is  so  close  that  he  has  no  time  for  an  overcharged  mine. 
Even  in  this  case  the  besieger  should  do  his  best  to  make  his 
charge  heavy. 

'*  Supposing  the  besieged  has  anticipated  the  besieger,  and 
has  managed  to  surround  the  craters  by  a  large  number  of 
branches,  the  besieger  must  then  endeavour  to  sink  below  the 
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countermines,  or  destroy  them  by  '  Boule '  shafts*  made  in  the 
surface  strata.  Moreover,  if  the  fire  of  the  place  should  be  so 
Tiolent  as  to  make  it  al^e  impossible  to  establish  a  lodgment 
and  to  sink  a  shaft  deep  enough  for  a  considerable  charge,  the 
besieger  must  begin  with  shallower  shafts  and  small  charges, 
so  as  first  of  all  to  break  through  the  obstacles  which  the  most 
advanced  coimtemiines  present  to  him. 

*^  After  having  fired  these  and  occupied  their  craters,  he 
must  sink  deeper  shafts  in  those  craters,  and  fire  overcharged 
mines  in  them ;  then  he  will  at  once  occupy  the  new  craters 
so  made,  and  connect  them  with  those  already  existing,  and  b:> 
continue  resolutely  to  advance,  employing  such  of  the  methoda 
we  have  mentioned  as  may  best  smt  his  circumstances. 


The  Defence, 

Befenoe.  '<  The  besieged  should  push  out  his  countermines  as  far  as^ 

possible  beyond  the  crest  of  the  glacis,  and  secure  them  against 
attack  from  below,  down  to  whatever  depth  the  enemy  can  be 
supposed  to  be  advancing  at.  To  connect  the  galleries  by^ 
transversals  is  the  most  effective  means  of  ventilating  them, 
and  these  transversals  should  form  salient  angles  towards  the- 
country.  A  series  of  transversals  so  made  will  constitute  an 
envelope  gallery  of  indented  trace.  With  the  same  object  it 
will  be  useful  to  bore  holes  in  the  galleries  up  to  the  surface  of 
the  ground. 

"  Suspending  work  several  times  a  day,  the  besieged  should 
listen  attentively  to  discover  the  work  of  the  attack  in  good 
time.  Having  caught  in  one  of  the  branches  the  sound  of  the 
enemy's  miner,  the  counterminer  should  continue  to  advance 
towards  it,  working  noiselessly,  or  else  at  once  form  a  mine 
chamber  and  load  it,  and  then  wait,  listening  at  the  point 
where  the  fuze  trough  comes  through  the  tamping,  until  the 
enemy  is  near  enough.  At  all  other  points,  where  the  enemv 
is  not  yet  to  be  heard,  the  besieged  should  continue  their  work 
vigorously. 

"  The  true  judgment  of  distance  by  carefully  listening  to  the 
enemy's  workman,  is  a  point  of  the  utmost  importance  m  mine 
warfare,  and  therefore  tne  miners  should  be  thoroughly  practised 
at  it.  Miners  inexperienced  in  such  warfare  are  usually  apt  to 
under-estimate  the  distance  of  the  enemy.  Frequently  this 
want  of  practice,  added  to  the  excitement  and  interest  which 
the  miners  feel  more  and  more  as  they  approach  the  enemy, 
leads  to  premature  explosions,  or  to  misnres.  To  accustom- 
ofBcers,  as  well  as  men,  to  look  at  matters  calmly  and  coolly, 
they  should  be  made  to  understand,  in  the  work  of  the  practice- 
ground,  that  it  is  much  better  to  come  into  actual  collision  with 
the  enemy's  miner  than  to  produce  an  explosion  without  being^ 


*  ShaiU  rapidly  sunk,  and  onlj  partially  lined,  for  the  placing  of  charges  to  be* 
fired  hattilj,  often  without  tamping. 
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satisfied  that  the  enemy's  distance  is  less  than  the  length  of  the 
line  of  least  resistance. 

"  With  the  same  object  it  is  well  to  take  care  that  during 
the  establishment  of  the  countermine  system,  the  miners  pay 
attention  to  the  sounds  of  work  in  the*  galleries  adjacent  to 
them,  and  especially  in  the  portions  of  transversals  which  are 
advancing  towards  each  other ;  and  the  distances  so  estimated 
by  the  ear  should  be  carefully  verified  by  the  working  plan. 

**  The  two  leading  considerations  for  the  besieged  are : — 

(1)  To  endeavour  to  destroy  the  enemy's  galleries  as  exten- 

sively as  possible. 

(2)  To  avoid  making  craters  of  any  considerable  depth  on 

the  surface  of  the  grtjund. 

*'  Consequently  the  besieged  should  establish  his  counter- 
mines at  such  depths  that  even  if  he  uses  large  charges  they 
may  not  produce  craters.  And  to  destroy  the  greatest  possible 
length  of  the  besieger  s  naileries  the  besieged  should  not  fire 
his  mines  until  the  enemy  s  distance  from  him  is  less  than  the 
line  of  least  resistance. 

**  In  that  case  he  may,  without  fear  of  making  too  deep 
crateiti,  increase  his  charges  up  to  one  and-a-half  times,  or  even 
twice,  the  charge  of  a  camouflet,  reckoned  as  the  charge  for  a 
common  mine,  but  taking  only  four- sevenths*  of  the  line  of 
least  resistance ;  for  the  charge  will  produce  most  of  its  eflFect 
in  the  enemy's  gallery,  and  its  action  on  the  surface  will  be 
insignificant.  It  is  only  when  the  ground  has  been  much 
shaken  by  previous  explosions  that  a  smaller  charge  must 
be  used  • 

"Besides,  even  if  a  shallow  crater  is  made,  the  besieged 
may  occupy  it,  if  circumstances  are  in  their  favom*,  taking  care 
to  cut  away  its  slope  on  the  side  of  the  fortress  suflBiciently  to 
allow  their  artillery  to  search  the  interior  of  it.  Or  if  the 
besieged  should  not  succeed  in  getting  possession  of  the  crater, 
or  having  made  a  lodgment  should  be  driven  out  of  it,  it  will 
be  a  very  difficult  matter  for  the  besieger  to  hold  his  ground 
there,  so  close  to  the  works  of  the  place ;  for,  so  long  as  the 
place  can  still  mount  any  artillery,  the  crater  will  always  serve 
as  their  target. 

"  Throughout  the  mine  warfare  the  besieged  should  avoid 
premature  explosions,  to  which  he  will  be  tempted  by  a  fear 
that  the  attack  will  anticipate  him.  Repeated  instances,  alike 
in  war  and  in  peace,  make  it  quite  certain  that  such  appre- 
hensions have  always  been  unfounded.  The  miner  who  acts 
with  coolness  and  wise  circumspection  will  never  have  reason 
to  repent  it. 

"This  is  proved  by  the  fact  that  the  counterminer  who  fires 
a  mine  when  the  distance  of  the  enemy's  ^Uery  is  greater  than 
the  line  of  least  resistance,  succeeds  only  m  damaging  his  own 


*  Which  would  be  about  one-fifth  of  the  charge  of  a  oommon  mine  with  the 
eaine  LX.B. 
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branchy  and  making  a  crater,  without  doing  any  serious  haru) 
to  the  besieger.  So  that  the  besieged  is  actually  in  a  worse 
position  than  he  was  before  ho  fired  his  mine ;  for,  obliged  to 
fall  back  several  yards,  he  will  leave  the  besieger  free  to  prepare 
an  overcharged  mine,  or  to  sink  a  *  Bonle '  shaft  in  the  crater  he 
has  made. 

"After  two  or  three  successive  explosions  in  the  same 
branch,  much  of  it  will  necessarily  be  injured.  Ou  this  account, 
and  in  order  not  to  be  driven  back  at  this  point,  it  is  well  for 
the  besieged  to  provide  himself,  while  there  is  yet  time,  with  a 
reserve  branch,  placed  at  a  small  distance  from  the  injured 
branch. 

*'  After  the  besieger  has  fired  his  overcharged  mines  the 
besieged  should : — 

(1)  Hinder  the  enemy  from   occupying   the   craters,  by  a 

violent  fire  of  grape  and  musketry.  But  if  he,  never- 
theless, takes  possession  of  them,  a  continuous  fire 
from  moi-tars  must  be  directed  on  the  craters ;  while, 
by  the  fire  of  guns,  the  making  of  any  communication 
above  ground  should  be  stopped,  so  as  to  prevent  the 
assailant  from  soUdly  establishing  himself  in  the  craters, 
and  resuming  his  mines. 

(2)  Push  forward  at  once  by  his  branches,  introducing  him- 

self under  the  actual  slope  of  the  craters,  and  embracing 
them  in  front  and  on  the  flanks.  The  branches  must 
be  disposed  at  minimum  intervals  apart,  so  that  the 
besieger  may  not  be  able  to  pass  between  them  with- 
outgreceiving  a  camouflet. 

(3)  Produce  explosions  inside  the  craters,  supposing  that  the 

besieged  have  been  successful  in  arresting  every 
attempt  of  the  besieger  to  open  new  galleries  in  the 
bottom  of  the  craters. 

"  '  Boule '  shafts  being  very  dangerous  for  the  countermines, 
the  besieged  should  do  his  best  to  oppose  their  formation,  above 
ground  by  artillery  and  musketry  fire,  and  underground  by 
camouflets,  strikiDg  the  besieger  through  holes  bored  for  that 
purpose.  Further,  he  must  take  advantage  of  eveiy  favoiurable 
opportunity  to  delay  the  progress  of  the  siege  works  by  sorties 
from  the  place." 
Attack  bj  893.  The  mode   of   attack   by    shaft  mines   is  especially' 

•haft  mines,      applicable  when  the  defence  above  ground  is  weak,  and  allows 

flymgtrenchwork  to  be  used,  and  when  the  depth  of  the  counter- 
mine galleries  is  not  great.  The  following  is  a  description  of  it, 
as  applied  by  the  Germans  in  their  siege  operations.* 

"  On  the  evening  of  the  day  on  which  it  has  been  deter- 
mined to  have  recourse  to  this  system  of  advancing  a  trench 
of  a  X  form,  the  head  of  the  T  being  nearest  the  place,  is  con- 
structed by  flying  sap.    Its  width  at  the  bottom  is  about  8  feet,. 


•  At  Ooblentz  in  1875. 
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and  depth  4  feet,  so  that  it  will  usually  bo  finished  in  four 
hours.  From  the  bottom  of  this  trench  circular  shafts  are  sunk 
at  two-lined  intervals,  the  depth  of  each,  and  distance  apart, 
being  calculated  according  to  the  soil.  When  these  are  loaded, 
they  are  tamped  by  emptying  earth  down  the  sliafts,  and  piUng 
it  on  the  top,  the  essence  of  the  operation  bein'g  that  all  should 
be  ready  by  daybreak.  The  charges  must  in  all  cases  bo 
sufficient  to  ensure  the  whole  of  the  craters  being  connected 
alter  explosion,  and  with  a  view  to  this  one-and-a-half  times 
the  ordmary  amount  of  powder  is  employed  After  the  explosion 
the  usual  result  is  an  irregular  X'^l^^P^^^l  crater,  the  head  of 
which  is  then  formed  into  a  lodgment,  and  the  stalk  into  a 
communication  with  the  works  in  rear."* 

Shaft  mines  may  be  opposed  by  counter  shafts  ^  either  bored  Counter- 
up  from  below,  or  prepared  beforehand.  In  the  latter  case,  shafu. 
shafts  are  sunk  from  the  surface  down  to  the  level  of  the 
countermine  galleries,  and  are  afterwards  filled  up  again, 
leaving  a  mine  chamber  from  G  to  8  feet  below  the  ground, 
and  at  least  half  as  much  again  above  the  roof  of  the  gallery, 
and  a  tube,  about  three  inches  square,  connecting  the  mine 
chamber  with  the  gallery.  Through  this  tube  the  mine  can 
be  loaded  when  required,  usually  witli  made-up  cartridges,  and 
the  tube  is  then  tamped  with  lengths  of  wood  fitting  it  closely, 
but  grooved  for  the  fuze  or  wire.  About  15  minutes  is  enough 
to  place  a  charge  of  100  lbs.  in  the  chamber.  Countei-shafts 
are  usually  placed  in  returns,  two  or  three  yards  to  one  side  of 
a  gallery  {see  g,  Figs  2  and  3,  PI.  CLXXXIl). 

894.  The  course  of  underground  warfare  is  so  uncertain  and  Example  of 
irregular,  that  it   will   be  best  appreciated  from  an  example,  ^ratfona. 
For  this  purpose   the  mining   operations   carried   on  by   the 
Prussians  at  Graudenz,  in  1862,  appear  to  be  the  most  suitable, 
and  will  be  briefly  described  (PI.  CLXXXIII). 

These  operations  were  carried  on  on  both  sides  as  tliey  would 
be  in  a  regular  siege,  the  work  being  continued  night  and  day,  and 
the  commanding  engineer  on  each  side  having  no  further  know- 
ledge of  the  operations  of  his  adveiiatiry  than  what  could  be  gained 
by  listening  to  the  progress  of  the  miners  underground.  When 
either  party  was  ready  to  fire  a  mine,  he  reported  the  fact  to  an 
independent  committee  of  three  officers,  who  superintended  the 
whole  work,  and  who  gave  orders,  by  sound  of  bugle,  for  all  parties 
to  quit  the  trenches  and  mines. 

The  permanent  countermine  galleries,  on  von  der  Lahr's  system, 
were  from  hS  to  31  feet  below  the  surface.  They  were  lengthened 
by  improvised  galleries  with  wooden  lining. 

On  the  5th  August,  the  thii-d  parallel  havhig  been  completed^ 
a  mine  lodgment  wjis  made  about  12  yards  in  front  of  it,  com- 
municating  with  it  at  both  ends.  Tlie  left  fiank  of  this  lodgment 
was  slightly  thrown  forward,  so  that  the  heads  of  all  the  counter- 
mine galleries  should  be  at  an  equal  distance  of  45  feet  from  it. 
From  this  lodgment  the  besieger  drove  eight  galleries,  at  intervals, 
of  25  to  30  feet  apart,  and  at  inclinations  of  }  to  ^-. 

On  the  13th  the  besieged,  hearing  the  enemy's  miners,  fired  a 
mine  (No.  1)  of  257  lbs.  of  powder,  which  destroyed  about  eight 


*  Boyol  Engineer  Jonmal,  vol.  r,  p.  102. 
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feet  of  No.  8  gallery,  and  fonned  a  crater,  12  feet  bj  16  feet  in 
^diameter.  Thia  the  bedegers  oocnpied,  and  tiied  to  paah  forward 
from  it  by  inclined  findlerieSy  but  the  besieged  quickly  removed 
part  of  the  tamping  (S  their  previoua  charge,  and  fired  a  charge  of 
41  lbs.  of  guncotton  (No.  3)  on  the  14th,  and  a  charge  of  103  lbs. 
of  powder  (No.  5)  on  the  15th,  in  each  case  destroying  the  galleries 
just  begun. 

On  the  14th  the  besieged,  having  prolonged  their  centre  direct 
gallery  to  within  a  few  feet  of  No.  4  gallery,  fired  a  chaige  of  227 
IbsL  of  powder  (No.  2),  which  destroys  9  feet  of  it 

On  the  15th  they  fired  a  similar  charge  (No.  4^  which  destroyed 
7  feet  of  No.  6  galleryi  and  formed  a  small  crater.  The  fine 
of  least  resistance  was  in  both  cases  22  feet,  and  the  charges 
consequently  rather  less  than  one- fourth  of  those  for  common 
mines  at  that  depth. 

In  the' meantime,  however,  the  besieger  had  worked  uninter- 
ruptedly in  No.  3  gallery  to  a  distance  of  46  feet,  and  had  there 
prepared  an  overcharged,  mine  of  2,710  lbs.  of  powder  (No.  I) 
at  a  depth  of  22^  feet.  This  was  fired  on  the  15th,  producing  a 
crater  72  feet  in  diameter,  with  a  depth  of  15  feet,  ana  destroying 
the  coutitermine  galleries  within  about  15  yards  of  it.  The 
besiegers  at  once  nuuie  a  lodgment  in  the  crater,  and  connected  it 
with  the  lodgment  in  rear,  and  they  started  three  inclined  galleries 
from  it 

On  the  16th,  the  besieged,  under  a  mistaken  impression  that 
their  enemy  was  within  reach,  fired  a  charge  of  227  lbs.  (No.  6). 
The  only  effect  of  this  was  to  form  a  small  ci-ater,  which  the 
besiegers  occupied,  and  from  which  they  pushed  forward  gallerie& 

On  the  same  day  the  besieged  fired  another  mine  (No.  7)  of 
324  lbs.,  at  a  depth  of  18  feet;  this  destroyed  about  8  feet  of 
No.  1  gallery,  as  well  as  about  12  feet  of  their  own. 

The  besieger's  attempts  to  advance  from  the  craters  formed  by 
his  own  first  mine,  ana  by  the  first  mine  of  the  besieged,  were 
defeated  by  successive  mines,  Noe.  8-12,  fired  on  the  16th,  18th, 
and  19th  August,  which  destroyed  the  galleries  newly  started,  and 
injured  the  parapet  of  the  lodgments. 

But  on  the  18th,  having  repaired  the  injury  done  to  No.  1 
gallery,  the  besieger  placed  in  it,  and  fired,  a  charge  of  1,031  Iba 
of  guncotton  (No.  ll),  with  a  line  of  least  resistance  of  about 
23  feet  The  depth  of  the  crater  was  16  feet,  and  its  diameter 
62  feet  A  lodgment  was  made  in  it,  and  it  was  conected  with 
the  crater  of  No.  I. 

Unable  to  make  any  progress  from  the  crater  formed  by  the 
first  mine  of  the  besieged,  the  besiegers  repaired  their  No.  8 
gallery,  and  placed  at  its  extremity  a  charge  of  1,700  lbs.  of 
powder,  which  they  fired  on  the  19th  (No.  III).  The  line  of  least 
resistance  was  about  24  feet ;  the  crater  had  a  diameter  of  54  to 
61  feet,  and  a  depth  of  nearly  18  feet.  Its  size  was  further 
increased  by  the  explosion,  about  the  same  time,  of  a  charge  of 
216  lbs.  of  powder  by  the  besieged  (No.  13). 

The  di$)tance  from  this  crater  to  that  of  No.  I  was  too  great 
to  allow  the  besieger  to  suppose  that  there  were  no  uninjured 
countermine  galleries  between  them.  To  destroy  any  such  galleries 
and  connect  the  craters,  a  trench  was  formed  by  flying  trench  work,  a 
shaft  sunk  in  its  centre  to  a  depth  of  10  feet, and  an  untamped  charge 
of  1,031  \h».  of  powder  (Na  IV)  placed  at  the  bottom  of  it.  Thia 
was  executed  in  the  course  (>f  one  night,  and  the  charge  was  fired 
on  the  morning  of  the  20th,  producing  a  crater  8^  feet  deep,  and 
31  to  36  feet  in  diameter.  A  more  advanced  communication  was 
then  made  between  the  new  crater  and  the  crater  of  No.  Ill  a 
similar  shaft  sunk,  and  a  charge  of  412  lbs.  of  guncotton  exploded 
(No.  V).  The  diameter  of  the  crater  formed  was  about  28  feet,  or 
rather  less  than  that  of  No.  lY,  but  the  underground  efifect  waa 
greater. 

The  combat  between  miner  and  counterminer,  which  had  now 
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asted  11  days,  was  siumended  at  this  point,  ajs  the  galleries  were 
getting  so  choked  with  the  fumes  of  the  exploded  cotton  and  powder 
as  to  render  any  further  working  in  them  injurious  to  the  health  of 
the  troops.  It  was  found  that  the  fumes  of  the  cotton  produce  more 
violent  and  lasting  illness  than  those  fi-om  gunpowder.  Its  effect, 
as  compared  with  that  of  gunpowder,  was  greater  in  the  case  of  , 

small  than  in  the  case  of  lai^  diarges.*  j 


Countermine  Systems, 

895.  Mines  were  made  use  of  in  sieges  long  before  the  inven-  Dorelopment 
tion  of  gunpowder.  o^  mimng. 

By  means  of  them  Alexander  the  Great  made  breaches  in  the 
walls  of  Gaza ;  and  Osesar  found  the  Gauls  well  skilled  in  them, 
and  able  to  arrest  the  progress  of  his  own  miners-t  They  con- 
tinued to  be  lai^ly  used  in  the  wars  of  the  Middle  Ages ;  for 
instance,  at  Carcassonne  in  1240,|  and  by  the  Black  Fnnce  at 
Limoges  in  1370* 

Sometimes  the  minew  merely  aimed  at  providing  a  gallery 
by  which  troops  might  penetrate  by  surprise  into  the  interior  of 
tne  place.  At  other  times  their  object  was  to  make  a  breach,  and 
havmg  got  under  the  foundations  of  the  walls  they  worked  along 
them,  underpinning  them  with  timber  shores,  to  which  they  after- 
wards set  fire.  It  was  a  matter  of  some  difficulty  to  get  these 
timbers  to  burn  in  the  atmosphere  of  long  underground  passages, 
and  especially  to  get  them  to  fall  at  the  same  moment,  even  though 
well  coated  with  greaae  and  pitch ;  ajid  it  appears  probable  that 
gunpowder  was  first  employed  in  mines  to  meet  this  difficulty, 
and  to  knock  down  the  snores  simultaneously. 

There  are  several  traces  of  its  use  in  the  15th  century,  but  its  Use  of 
value  for  mining  was  first  conspicuously  shown  in  1503,  when  powder  in 
Pedro  di  Navarro,  the  engineer  of  Gonsalvo  di  Cordova,  breached  mines, 
and  captured  by  means  of  it  the  two  castles  of  Naples,  "  to  his 
own  great  reputation,  and  to  the  great  astonishment  of  all  men." 
He  had  seen  it  tried  sixteen  years  earlier,  without  much  effect,  at 
the  siege  of  Serezzanella,  when  he  was  in  the  service  of  the 
Genoese;  and  he  had  afterwards  himself  made  trial  of  it  in 
Cephalonia,  against  the  Turks. 

From  this  time  forward  powder  mines  were  largely  used  in  DefiBosiTe    • 
the  attack,  and  they  were  soon  turned  to  account  also  for  the  mines, 
defence.    At  the  siege  of  Padua,  in  1509,  the  breaches  were 
mined,  and  as  soon  as  the  besiegers  had  mounted  them  the  mines 
were  exploded  under  their  feet 

Even  against  the  older  modes  of  mining,  it  had  been  found  Counter- 
advisable  to  make  galleries  behind  the  walls  near  their  base,  "^®*- 
to  watch  for  the  miner's  approach ;  and  such   galleries  now 
became  common.    Before  long  other  galleries  were  pushed  for- 
ward from  them,  under  the  ditch. 


^  Boyal  Engineers*  Professional  Papers,  Vol.  zii,  1868. 

t  "  De  Belle  GalUoo,"  VII,  23. 

I  8e0  TioUet  le  Dae,  "  Military  Arahitecture  of  the  Middle  Ages.'* 
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De  Ville,  in  the  early  part  of  the  17th  centary,  describes  a 
system  of  countermines  under  the  glacis,  consisting  of  listeners 
and  transversals. 

The  siege  of  Candia  by  the  Turks,  which  lasted  two  years  and  a 
half  (1667-69),  and  in  which  more  than  1,300  mines  are  said  to 
have  been  exploded  by  one  side  or  the  other,  drew  increased 
attention  to  mme  warfare,  and  the  means  offered  by  it  for  pro- 
longing a  defence.  Under  Vauban's  orders,  the  French  corps  of 
miners  carried  out  many  experiments  (especially  at  Toumai  in 
1686),  and  reduced  the  rough  rules  hitherto  accepted  to  greater 
precision.  Their  experiments,  however,  led  them  to  regard  it  as. 
an  established  principle  that  the  diameter  of  a  crater  is  never  more 
than  double  the  line  of  least  resistance,  and  that  any  excess  of 
char^ge  beyond  what  is  required  to  produce  such  a  crater  ia 
merely  thrown  away ;  consequently  large  charges  could  ouly  be 
usefully  employed  at  great  depths. 
Globes  of  Bernard  Bclidor,  professor  of  mathematics  at  the  artillery  school 

compreflaion.  of  La  F6re,  first  called  this  principle  in  question.     By  experiments 

at  La  F6re  in  1725  and  1732,  which  were  afterwards  repeated 
elsewhere,  he  showed  the  great  effect  that  might  be  produced, 
both  upon  the  surface  and  underground,  by  overcharged  mines, 
or  as  he  termed  them,  globes  of  compression,  {See  Table,  para.  884.) 
The  following  is  an  account  of  the  experiment  at  La  F6re,  in 
1732,  to  prove  the  underground  effect  of  globes  of  compression.'*' 

At  the  four  angles  of  a  rectangle,  60  feet  wide  and  70  feet  long> 
shafts  were  sunk  to  a  depth  of  10,  11,  12,  and  13  feet  respectively. 
They  were  connected  by  galleries  3  feet  wide,  and  4|  high,  lined 
with  oak  frames  and  sheeting.  A  chaige  of  1,200  lbs.  of  powder 
was  placed  in  the  rectangle,  25,  30,  35,  and  40  feet  respectively 
from  the  four  naileries,  and  having  a  line  of  least  resistance  of  10 
feet.  From  the  most  distant  gallery  (which  was  one  of  the 
shorter  sides  of  the  rectangle)  an  inclined  branch  was  driven  under 
the  charge,  the  roof  of  the  branch  being  13  feet  vertically  below 
the  centre  of  the  charge. 

The  soil  was  ordinary  earth  to  a  depth  of  10  feet,  but  below 
that  a  stiff  marl .  The  mine,  when  fired,  produced  a  crater  of  45 
feet  diameter.  All  the  galleries  were  ruptured  in  inverse  pro- 
portion to  their  distance ;  the  most  distant,  for  a  length  of  23 
feet.  The  branch  passing  uuder  the  mine  was  destroyed,  and  two- 
of  the  shafts  were  injured. 

The  facts  and  the  conclusions  of  Bclidor  were  long  disputed  in 
France,  but  they  attracted  the  notice  of  Frederic  the  Great ;  and 
in  the  siege  of  Schweidnitz  in  1762,  the  value  of  overcharged 
mines  was  proved  beyond  all  question. 

Counter-  The  method  of  attack  by  overcharged  mines  modified  the 

jMuie  flystems.  dispositions  for  defence.  Very  elaborate  systems  of  counter- 
mines had  been  devised,  with  successive  tiers  of  galleries  at 
different  depths,  to  throw  up  the  same  surface  again  and  again, 
and  so  compel  the  besieger  to  reconstruct  his  lodgments 
repeatedly. 

The  total  length  of  the  galleries  for  a  single  front  amounted^ 
in  some  of  these  systems,  to  3  miles  or  more. 

The  great  cost  of  these  systems  always  restricted  their 
application,  and  this  cost  became  still  less  worth  incuiringwhen 
it  was  lound  to  be  possible  for  the  besieger  to  attack  the  several 
stages  at  once,  and  to  injure  them  so  widely,  by  means  of  over- 
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charged  mines.     Cheaper  and  more  simple  systems  were  there- 
fore proposed. 

896.  One  of  the  best  of  these  is  that  of  General  Marescot,  MaTesoot'*" 
which,  as  applied  to  the  glacis  in  front  of  a  bastion,  is  shown  in  ^ysiem. 
Fig.  1,  PL  CLXXXIV. 

''That  the  underground  (defensiv^e)  fortification  should 
extend  as  far  forward  as  possible,  and  that  its  many  ramifica- 
tions shonld  embrace  the  whole  probable  field  of  attack,  in 
order  that  the  besieger  maybe  engaged  the  earlier  and  detained 
the  longer ;  that  all  passage  should  be  forbidden  him,  whether 
above  or  below  gi'ound ;  that  all  his  works  of  whatever  kind 
should  be  threatened ;  that  the  galleries  should  never  nm 
parallel  to  the  place,  and  so  oflFer  their  flank  to  the  besieger's- 
mines,  which,  with  unlimited  charges,  will  easily  destroy  them 
in  this  unfavourable  position,  and  convert  them  into  trenches;, 
that  on  the  contrary  they  should  inin  in  directions  enfiladed 
from  the  works  they  defend,  and  constantly  present  their  points 
to  the  besieger's  mines ;  that  the  trace  of  trie  galleries  sliould 
be  such  as  to  establish  an  abundant  circulation  of  air  throughout 
them;  that  those  leading  to  one  set  of  mines  should  be  indepen- 
dent of  those  leading  to  another  set,  so  as  to  avoid  confusion 
and  the  simultaneous  loss  of  several  galleries,  and  to  ensure  the 
successive  explosion  of  all  the  mifles.  These,"  he  says,  '*  are  the 
main  principles  to  be  observed  in  underground  fortifications ;  "* 
and  it  will  be  seen  that  they  correspond  in  the  main  with  those 
of  General  Todleben. 

His  trace,  founded  upon  these  principles,  is  constructed  as 
follows : — 

General  considerations  (of  expense,  exposure,  &c.)  must 
determine  the  limit  a,  a,  a,  to  which  the  permanent  galleries 
shall  extend.  This  limit  is  divided  into  portions  c,  a,  of  about 
20  yards  each.  From  the  several  points  a  lines  are  drawn  con- 
verging upon  the  salient,  or  perpendicular  to  the  faces  of  the 
work.  About  20  yards  from  a,  a,  a,  a  parallel  to  it  b,  ft,  6,  is 
drawn,  giving  alternative  intersections,  ft,  ft,  with  these  lines:, 
nnd  a  gam  another  parallel  c,  c,  c,  at  such  a  distance  that  the 
angles  ftcft,  may  be  reasonably  acute,  and  that  the  prolonga- 
tions of  the  lines  ftc,  may  fall  on,  or  near  the  work.  A  third 
parallel  d,  d,  rf,  may  sometimes  be  necessary,  to  determine  other 
mtei-sections,  and  finally  the  galleries  open  into  the  counter- 
scarp galleiy  at  20  to  30  yards  apart.  If  possible,  there  should 
also  be  an  underground  communication  from  the  counterscarp- 
galleiy  to  the  interior  of  the  work. 

The  main  galleries  fall  gently  towards  the  front  to  a  depth 
of  30  or  40  feet  below  the  surface  of  the  ground,  according  to 
the  nature  of  the  soil,  and  the  resistance  contemplated ;  for  the 
deeper  thevare  the  less  they  will  suffer  from  the  enemy's  mines. 
Branch  galleries  run  obliquely  upward  from  them  to  right  and 
to  left,  leading  to  the  mines,  which  are  placed  at  various  depths,, 
according  to  circumstances. 

•  "  Journal  de  I'fioole  Polytechniqua,"  Tome  IV,  1799. 
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887.  Some  magistral  gallery  is  required  as  a  base  for  a 
system  of  countermines,  affording  a  general  communication  to  all 
the  galleries,  and  containing  magazines  and  dep6ts  for  the  service 
of  l£e  mines.  A  counterscarp  gallery  will  generally  be  mosi; 
convenient  for  this  purpose,  and  it  may  be  use&l  also  for  the 
flank  defence  of  the  ditch.  When  the  enemy  has  made  himself 
master  of  it,  however,  it  will  assist  him  in  blowing  in  the  coun- 
terscarp, or  in  his  passage  of  the  ditch ;  and  it  may  sometimes 
be  better,  therefore,  if  the  flanking  fire  is  not  needed,  to  place 
the  magistral  gallery  rather  more  forward  under  the  banquette 
of  the  covered  way,  or  to  have  a  counterarched  counterscarp 
without  any  face  waU.  It  will  be  necessaiy,  especially  in  the 
latter  case,  to  guard  against  the  enemy's  attempts  to  descend 
at  night  into  the  ditch  and  penetrate  into  the  galleries  from 
the  rear. 

Envelope  galleries^  parallel  to  the  magistral  gallery,  have  some- 
times been  made  at  intervals,  to  connect  the  main  galleries,  and 
assist  the  ventilation.  But,  offering  their  sides  to  the  enemy's 
explosions,  they  are  likely  to  be  soon  destroyed  as  he  advances, 
and  if  he  ^ains  possession  of  them  he  may  convert  them  into 
trenches  giving  cover  above  ground. 

B61idor  Buoceeded  in  converting  a  ffallery  about  15  feet  under- 
ground into  a  trench  24  feet  wide  and  8  feet  deep.  He  gave  as  a 
rule  for  this :  place  in  the  gallery,  at  12  yards  intervals,  charges 
of  jf  A  barrels,  h  being  the  height  in  yards  from  the  floor  of  we 
gallery  to  the  surface  of  the  ground 

It  is  better,  therefore,  that  all  transverse  galleries  shoidd  be 
oblique,  as  in  Marescot's  system. 

898.  In  most  cases  a  permanent  coimtermine  system  will 
consist  only  of  direct  main  galleries  at  suitable  intervals,  radiat- 
ing from  the  magistral  gaUery,  vrith  short  branches  thrown  out 
to  right  and  left  of  them.  By  extending  occasional  branches, 
transverse  communications  may  be  formed,  as  may  be  found  to 
be  necessary  or  convenient.     (Fig.  1,  PI.  CLXXXV.) 

The  main  galleries  may  be  made  6  feet,  and  the  branch 
^lleries  5  feet  high,  and  both  of  them  3  feet  -wide.  Portions  of 
uie  galleries  may  be  enlarged,  to  afford  space  for  tools  and 
materials  without  impeding  the  communication ;  and  doore  may 
be  provided  at  intervals,  either  to  exclude  foul  air,  or  for 
defence  in  case  the  enemy  should  penetrate  into  tlie  gallery 
(c.  Fig.  2,  PL  CLXXXV).  Air  shafts,  (d,  Fig.  3)  may  sometimes 
be  carried  up  to  the  surface  of  the  gi'ound  for  ventilation ;  and 
cesspits  («)  sunk  in  the  galleries  if  required  for  drainage,  when 
the  plane  of  the  galleries  cannot  be  inclined  towards  the  ditch. 
Grooves  (/)  may  be  made  in  the  side  walls  to  receive  the  ends 
of  stout  timbers,  to  form  barriers  or  strengthen  tamping(Fig.  2  J. 
Where  three  or  more  galleries  meet  (Fig.  1,  PL  CLXXXIV)  it 
is  best  to  make  a  circular  chamber,  to  allow  freedom  of  passage. 

Alike  from  the  main  galleries  and  the  branches,  listeners  (of 
the  ordinary  branch  gallery  section)  will  be  pushed  out  as  soon 
as  the  enemy  is  approaching  {see  PL  CLXXXV),  and  openings 
may  be  left  in  the  side  walls  of  the  galleries  for  this  purpose; 
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In  compact  soil  the  sound  of  the  pick  cannot  usually  be  ^i^""^ 
distinctly  lieard  at  more  than  14  yards,  and  muffled  work^  where 
the  workmen  are  at  pains  to  make  no  noise,  cannot  be  heard  at 
more  than  7  yards. 

The  extremities  of  the  branches  of  two  adjacent  main 
mlleries  should  be  near  enough  to  make  it  hardly  possible  for 
tno  enemy  to  pass  between  them  unheard,  and  near  enough 
also  for  the  defenders  to  be  able  to  reach  him  without  using 
excessive  charges,  or  pushing  out  galleries  to  any  considerable 
distance. 

It  may  be  required  either  to  strike  the  enemy's  trenches 
upon  the  surface,  or  to  sirike  his  galleries  underground;  and 
the  defensive  mines,  therefore,  if  large  craters  are  to  be  avoided, 
must  not  be  very  deep,  and  must,  at  all  events,  be  limited  to 
common  mine  charges. 

Supposing  they  are  placed  at  a  depth  of  15  feet,  the  hori- 
zontal radius  of  rupture  for  common  mmes  with  this  L.L.R.  is 
nearly  9  yards.  If  the  mines  are  placed  at  double  this  distance 
apart,  so  that  tlieir  circles  of  rupture  are  mutually  tangent,  they 
will  give  good  command  of  the  whole  field.  The  intervals 
between  the  main  galleries  must  be  nearly  double  the  intervals 
between  the  mines,  so  that  they  may  be  uninjured  by  the 
explosions. 

Fig.  1,  PL  CLXXX  V,  shows  a  disposition  of  this  kind  for  the  Kxwnple. 
defence  of  the  central  caponier  of  a  detached  fort.  The  main 
galleries  are  60  yards  long,  and  from  30  to  40  yards  apart.  At 
intervals  of  9  or  10  yards  along  them,  brancnes  are  run  out, 
alternately  right  and  left,  making  angles  of  00°  with  their  direc- 
tion. The  length  of  these  branches  is  one-third  of  the  length  of 
the  intervals  between  the  main  galleries,  or  10  to  13  yards. 
This  length  will  allow  them,  with  a  slope  of  ^  to  rise  8  or  1 0  feet 
from  the  main  galleries  to  their  extremities ;  so  that  if  the 
depth  of  the  latter  is  15  feet,  the  depth  of  the  main  galleries 
may  be  about  24  feet  below  the  surface.  By  keeping  the  main 
galleries  deep  they  are  less  likely  to  suflFer  from  the  shaft-mines 
of  the  besieger,  and  they  make  it  easier  for  the  besieged  to 
oppose  the  enemy,  if  it  should  be  necessary  to  do  so,  at  gi*eat 
depths,  by  sinking  shafts,  or  running  out  aescending  galleries 
from  them. 

The  ground  immediately  over  the  main  galleries  is  outside 
the  action  of  the  mines  placed  at  the  extremities  of  the  branches, 
and  is  likely  to  be  sougnt  for  by  the  enemy,  for  the  establish- 
ment of  his  shaft-mines.  For  its  defence,  therefore,  counter- 
shaft mines  (g,  Fig.  3,  PI.  CLXXXV)  may  be  prepared  before- 
hand, at  intervals  along  the  main  galleries,  or  bored  mines  may 
be  made  use  of  when  the  attack  takes  place.     (See  para.  874.) 

According  to  von  der  Labi's  system  (which  is  partiaUy  shown  in 
PL  CLXXXV)  the  main  ffalleries  should  be  at  least  21  feet  below 
the  surface,  about  45  yards  apart,  and  about  70  yards  lonff.  The 
branch  galleries,  about  20  yards  anart,  and  about  15  yams  long, 
at  angles  of  from  45^  to  60°  with  tne  main  galleries. 

899.  Reference  has  already  been  made  to  the  early  employ-  Mines  for 
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defence  of        ment  of  mines  for  the  defence  of  breaches.     The  mode  of  their 

application  will  be  understood  from  PI.  CLXXXV,  which  shows 
the  disposition  of  galleries  proposed  by  General  Dufour  for  the 
defence  of  a  bastion. 

A  set  of  mines,  at  two-lined  intervals,  is  prepared  behind  the 
middle  of  the  escarp  wall,  and  about  20  feet  from  its  face ;  and, 
if  the  ditch  is  dry  enough  to  admit  of  it,  a  second  set  is  pre^ 
pared,  aboat  6  feet  below  the  bottom  of  the  ditch  and  10  feet 
in  front  of  the  escarp  wall.  The  latter  set  is  intended  to  clear 
^way  the  rubbish  from  the  foot  of  the  breach,  and  render  it 
impracticable  at  the  moment  of  assault.  The  inner  set  is 
intended  to  destroy  the  besieger's  lodgments  on  the  breach,  and 
give  opportunity  for  a  counter  attack.  Each  pair  of  mine- 
chambers  is  connected  with  a  magistral  gallery  which  is  parallel 
to  the  escarp  and  about  20  yards  behind  it,  and  which  is  placed 
at  the  level  which  will  best  suit  the  two  sets  of  mines.  There 
is  also  a  gallery  on  the  capital,  and  at  right  angles  to  this  a 
transverse  gallery,  communicating  with  the  magistral  gallery. 
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CHAPTER    IX. 

COAST  DEFEXCE. 


Section  1. — General  Considerations. 

920.  Coast  defence  is  the  term  used    to    include  all  the  What  aw 
means  employed  for  fighting  ships  from  the  land.  d^nc«  ? 

Coast  defences  are  usually  constructed  for  the  defence  of  Their 

^1  *^  funccioiis. 

harbours. 

In  the  British  Empire  they  have,  in  almost  all  such  cases,  to  Requirement 
be  arranged  so  as  not  to  interfere  A\ath  the  movements  of  our  ®^  ®^  *^"^' 
own  ships,  while  being  in  immediate  readiness  to  stop  those  of 
the  enemy.  This  is  necessary,  since  our  prosperity,  and  even 
our  ejdstence  as  a  nation,  depends,  on  our  commerce,  which 
must  be  canied  on  in  war  as  in  peace.  It  is  not  possible  for  us 
to  do  as  both  the  French  and  Germans  did  dunnff  the  war  of 
1870-71,  namely,  to  stop  their  sea-borne  trade  altogether,  so 
tliat  the  harbours  may  be  blocked  and  no  one  allowed  to  enter, 
whether  friend  or  foe. 

Our  ports  must,  on  the  contrary,  be  kept  open,   and  our  Porte  to  bo 
merchant  ships  should  be  able  to  run  for  them  at  all  times  with    ^^^  ^^'^ 
the  certainty  of  finding  a  secure  refuge. 

These  requirements  are  sometimes  difficult  to  fulfil,  but 
must  always  be  kept  in  view  in  laying  out  harbour  defence 
works.  ^ 

The  difficulty  is,  however,  much  reduced  by  the  fact  that, 
as  pointed  out  in  Chapter  IV,  para.  365  et  seq.,  a  sustained  and 
protracted  attack  against  any  of  our  fortified  harbours  is  a  verj'^ 
unlikely  occurrence. 

There  are  cases,  however,  in  which  the  requirements  of  our  Caeee  in 
own  ships  have  not  to  be  considered,  such  as  the  defence  of  ^^^^h  ^^Jf^ 
a  landing   place,  the  denial   to   the  enemy  of  a  harbour  not  considered, 
wanted  by  ourselves,  or  the  protection  of  a  place  against  bom- 
bardment from  the  sea. 

92L  Coast  defence  is  the  form  in  which  fortification  mostly  Knowledge 
presents  itself  to  British  artillery  and  engineer  officers.     Our  defences 
fortified  harbouns  may  be  counted  by  dozens,  and  are  of  all  neceseary. 
sizes,  from  first-class  fortresses,  down  tcT  little    places  which 
have    mounted    two   or   three   guns    for   their   own   defence. 
Most  of  the  officers  of  the   two  corps  will,   at   one   time  or 
another,  have  something  to  do  with  the   construction,  main- 
tenance, modification,  or  working  of  coast  defences. 
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Section  2, — The  Weapons  used  in  Attack  and  Defence. 

Co(ut  Defence  Weapons. 

922,  The  weapons  used  in  coivst  defence  are  the  follow- 
ing : — 

1.  Guns  of  all  sizes,  from  the  smallest  quick- jBring  up  to 
the  heaviest  and  most  powerful  weapons  that  are  made,  aU 
being  intended  to  pierce  with  their  projectiles  the  iron  or 
steel  sides  of  various  classes  of  vessels,  whether  these  are  as 
thin  as  possible,  as  in  the  case  of  torpedo  boats,  or  whether 
they  are  protected  with  thick  steel  plating,  as  in  the  case  of 
large  battleships.  The  extreme  effective  range  of  heavy  guns 
is  as  much  as  10,000  yards,  but  for  the  defence  of  a  channel 
should  not  be  taken  at  more  than  3,000  yards. 

2.  Howitzers,  intended  to  attack  the  decks  of  ships  by 
means  of  high-angle  fire. 

3.  Submarine  mines,  which  consist  of  charges  of  exploedve 
in  waterproof  cases.  These  are  sunk  under  water,  and  are 
intended  to  be  exploded  as  the  enemy's  vessel  passes  over 
them,  so  as  to  blow  a  hole  in  her.  They  are  of  various  sizes, 
according  to  the  depth  of  water  in  which  they  have  to  act. 
They  include  "  boat-mines,"  which  are  small  and  are  intended 
to  act  against  lightly  built  craft. 

4.  Torpedoes,  which  may  be  described  as  movable  mines. 
These  are  either  automatic,  like  the  Whitehead,  or  can  be 
steered  during  their  course,  like  the  Brennan.  The  fighting 
range  of  the  Whitehead  is  about  400  yards.  That  of  the 
Brennan,  which  is  used  in  our  service,  is  a  mile. 

5.  The  Zalinski  gun  may  be  considered  as  a  weapon  for 
throwing  torpedoes.  It  will  project  a  large  charge  to  a 
distance  of  3,000  yards,  and  smaller  ones  farther.  It  is  still 
(1892)  in  the  experimental  stage. 

6.  Obstructions  may  be  used  to  block  channels  or  parts  of 
them  entirely.  Sunken  ships  filled  with  stones  have  been 
used  for  this  purpose,  and  also  floating  booms.  The  latter 
have  to  be  strongly  and  skilfully  made  to  stop  even  a  torpedo 
boat,  and  are  useless  against  larger  vessels.  The  best  of  all 
obstructions  is  a  breakwater  or  pier  of  stone.  It  is  effective 
against  all  classes  of  ships,  and  requires  no  guard. 

The  Attach — Ships  atid  their  Tactics, 

923.  Before  going  into  the  detail  of  coast  defence  arrange- 
ments it  is  necessary  to  know  something  about  the  attack, 
and  the  ships  with  which  it  will  be  delivered.  It  is,  iiideed, 
obvious  that  in  order  to  design  coast  defences  properly  it  is  as 
necessary  to  know  the  means  and  methods  of  attack,  as  it  is 
in  the  case  of  land  works.  For  a  soldier  to  acquire  this  in- 
formation it  is  requisite  to  study  special  publications,  such  as 
Lord  Brassey's  "  Naval  Annual,"  and  to  learn  the  opinions  of 
naval  officers.  A  short  outline  of  the  subject  is  all  that  can  be 
given  here. 
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Conatritction  of  Ships  of  War. 

924.  Ships  of  war  are  built  to  fight  other  ships,  not  coast  Ships  are 
fortifications.    Against  the  latter  their  only  weapons  are  their  built  to  fight 
guns,  and  their  defence   lies  in  any  armour   that  they  may  ^^^^'^^^^I*- 
possess,  and,  to  a  certain  extent,  in  their  speed  and  power  of 
manoeuvring.     Against  other  ships,  speed,  handiness,  seaworthi- 
ness, and  other  qualities  are    required,  and    so  much  of  the 
available  displacement  has  to  be  devoted    to  securing  these 

*that  often  there  is  none  left  for  armour,  that  the  supply  of 
ammunition  is  small,  and  that  the  guns  are  not  those  best 
suited  for  dealing  with  earthworks. 

As  guns  are  the  only  weapons  which  ships  can  use  against 
works  on  land,  it  is  evident  that  if  the  guns  can  be  silenced,  the 
ships  can  do  no  further  harm  to  the  batteries.  It  is,  therefore, 
of  npecial  interest  to  know  the  different  ways  in  which  guns 
are  mounted  and  protected  on  board  ship.  The  only  case  in 
which  it  will  be  necessary  to  do  more  than  silence  the  guns  is 
when  a  vessel  is  trying  to  run  past  batteries  in  order  to  attack 
vessels  or  places  beyond,  as  might  be  the  case  with  torpedo 
boats.  It  will  then  be  necessaiy  either  to  injure  their  llotation 
or  their  motive  power. 

925.  Ships  of  war  may  be  divided  into  battleships,  cruisers,  fiattleshipi. 
and  torpedo  craft.     The  former  are  intended  to  take  part  in 

fleet  actions.  They  are  all  more  or  less  annoured,  and  caiTy  • 
armour-piercing  guns.  They  do  not  usually  possess  very  high 
speed.  Cruisers  are  for  scouting  and  for  protection  of  CraiMn. 
commerce.  They  are  of  high  speed.  A  few  of  them  have  some 
armour  on  their  sides,  but  inost  are  only  **]rotected"  by  a 
strong  deck  at  the  water-line  level,  covering  the  engines  and 
magazine^. 

Toi-pedo  craft  generally  are  small,  and  of  high  speed,  and  Torpedo- 
torpedo  boats  are  very  lightly  built.  hoatB. 

In  PI.  CC  is  given  a  section  of  the  "Cecille,"*  a  French  Construction 
cruiser,  showing  the  protective  deck,  which  is  usual  with  such  ^^  *  cm-scr. 
craft.  They  carry  all  their  guns  above  this  deck,  with  perhaps 
some  thin  plating  about  the  mounting,  and  can  be  effectively 
fought  with  any  gun  that  may  be  available.  They  are  all 
extremely  unlikely  to  risk  an  encounter  with  a  land  batteiy, 
except  for  the  puipose  of  running  past  it,  or  of  bombardment  at 
very  long  range. 

Armoured  ships  are  very  various  in  design,  but,  in  all,  the  Construction 
flotation  and  motive  power  are  the  first  objects  for  protection.  o^»n"o^u«d 
In  modem  ships  a  few  hf  avy  guns  receive  a  certain  amount  of  *  ^* 
shelter,  but  the  "  secondary  armament,"  as  it  is  termed,  of  light 
guns  is  at  the  most  protected   by  thin   plating  against   the 
smaller  projectiles.    As  an  example,  fre  PI.  CC  for  a  section  of 
the  *'  Amiral  Duperri,"  a  fii'st-class  French  battleship.    In  some 
ships  the  guns  are  better  covered,  as,  for  example,  in  the  French 


•  From  '*  Fortification/'  by  Major  G.  S.  Clarke,  C.M.G.,  R.£. 
(8250) 


290 


COAST  DEFEKCfl. 


AnoAment  of 
shipfi. 


Vf  anner  of 
.ttack. 


coast  defence  vessels.  In  some  of  the  older  broadside  ironclads 
the  whole  battery  is  armoured,  but  the  protection  is  thin 
against  modem  guns. 

In  no  case  are  the  guns  completely  protected  a^inst  even 
light  projectiles,  and  in  many  of  the  barbette  mountmgs,  which 
are  very  generally  used,  they  are  completely  exposed. 

The  unarmoured  ends  also  are  essential  to  the  seaworthi- 
ness of  a  ship,  and  no  vessel  would  risk  serious  injury  to  them 
for  a  slight  cause.    These  can  be  attacked  by  any  gun,  but  thin 

Elating,  which  will  keep  out  the  smaller  Q.F.  projectiles,  is 
ecoming  more  general. 
The  under-water  defence  of  ships  against  toi-pedoes  is 
obtained  by  subdividing  them  into  numerous  compartments  so 
as  to  isolate  the  efifect  of  any  local  injury.  This  may  be  cfiFec- 
tive  against  Whiteheads,  but  can  hardly  secure  them  against 
the  large  charges  of  submarine  mines  or  of  Brennans. 

926.  The  armament  of  ships  is  as  various  as  their  form. 
The  usual  arrangement  now  is  to  have  from  two  to  four  guns 
heavier  than  the  rest,  their  calibre  varying  with  the  size  of  the 
ship  ;  to  have  a  secondary  armament  of  medium  guns,  usually 
the  large  quick-firing ;  and  to  fill  in  with  a  large  number  of 
small  quick-firing. 

The  projectiles  of  the  large  guns  are,  of  course,  formidable 
agamst  lana  batteries,  but  they  cannot  be  fired  in  great  numbers, 
nor  with  the  precision  of  a  siege  battery  on  land.    The  medium 

{)rojoctiles,  t)-inch  and  under,  are  likely  to  be  the  most  effective 
irom  the  quantity  of  them  that  can  be  fired.  Besides,  a  6-inch 
shell  falling  in  a  gun  emplacement,  would  do  as  much  harm  as 
a  16-inch.  However,  they  will  not  be  so  accurate  as  the  shot 
from  the  larger  guns,  and  it  is  these  medium  guns  that  can  be 
the  most  easily  silenced.  The  small  quick-firing  guns  have  not 
shown  themselves  of  much  account  against  works.  They  might 
perhaps  be  unpleasant  against  low-lying  batteries  at  short 
ranges,  i.e.,  under  1,000  yards. 

927.  The  manner  in  which  ships  would  engage  works  must 
be  gathered  from  the  opinions  of  naval  officers,  and  from  the 
teachings  of  history. 

The  following  are  some  of  the  leading  principles  : — 

If  batteries  are  armed  with  guns  of  inferior  range  to  those 
in  the  ships,  the  latter  can  keep  out  of  harm's  way  and  bombard 
them,  but  they  are  not  likely  to  do  them  much  harm.  Example : 
The  bombardment  of  Callao  in  the  Chili-Peruvian  War,  1879-80. 

If  the  ships  mean  business  they  must  come  in  close  and  use 
all  their  guns,  so  as  to  overwhelm  the  batteries  with  their  fire. 
Example :  Algiers  in  1816. 

Batteries  on  a  height  have  great  advantages  in  engaging 
ships,  wliich  are  built  to  fight  other  ships  on  a  level  with  them- 
selves.    Example :  Wasp  Battery  at  Sebastopol  in  1855-56. 

Guns  alone  will  not  stop  ships  running  past  batteries  when 
there  is  undefended  water  beyond  for  tnem  to  run  into. 
Example :  New  Orleans  and  Vicksburg  in  the  American  Civil 

War. 

Ships  to  make  good  practice  must  either  anchor  or  must  fire 
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as  they  pass  a  buoy  anchored  at  a  known  range.  Example: 
Bombardment  of  the  Forte  of  Alexandria  in  1882. 

Ships  have  hardly  ever  operated  successfully  against  coast 
batteries  without  the  assistance  of  a  landing  party. 

Ships  run  a  great  risk  in  attacking  land  works  if  they  are 
liable  to  interruption  by  even  a  small  hostile  squadron  ;  that  is 
to  say,  ships  will  not  attack  unless  they  are  assured  of  the  com- 
mand of  tne  sea,  either  generally  or,  at  least,  where  and  while 
the  operations  are  going  on. 

Modem  ships  of  war  carry  small  crews.  Consequently  they 
cannot  spare  large  landing  parties,  and  must  exhaust  their  men 
if  they  remain  long  in  action.  For  serious  operations  they 
require  to  be  accompanied  by  store-ships  and  transports. 

The  most  likely  form  of  attack  against  most  of  our  harbours 
is  that  of  torpedo  craft  running  in  to  attack  ships  at  anchor. 


Guns  and  Howitzers. 

028.  The  nature  and  mode  of  application  of  the  various 
weapons  mentioned  in  Section  1  can  now  be  considered  in 
detail,  beginning  with  the  guns  and  howitzers.  We  will  first 
take  the  guns  used  in  our  service  and  see  what  they  can  do 
against  the  enemy's  ships,  and  then  consider  what  effect  the 
enemy  can  produce  against  our  works. 

Nature  and  Effect  of  Land  Service  Guns. 

929.  The  following  table  gives  a  few  particulars  about  some  Nafcurei  of 
of  the  guns  mounted  in  our  coast  batteries : —  K'""  ^  ^^®®' 

Table  of  B,L.  Guns. 


OftliHn^ 

Weight  in 

tona 

Weight  of 

Energj 

Velocity 

Penetration  of 

in  inclifis 

projectile 

mazzle  in 

muzzle  in 

wrought-iron  armour 

in  lbs. 

ft.  tons. 

ft.  Bees. 

plates  in  inches,  at — 

1,000  yds. 

2,000  yds. 

10  0 

29 

500 

16,290 

2,100 

21 

19 

9*2 

23 

380 

11,240 

2,065 

19 

16 

6  0 

6 

100 

2,372 

1,850 

10 

8 

4-7 

2 

45 

•  • 

1,728 

6-7 

t  • 
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12-5 

38 

820 

11,820 

1,442 

16 

16 

10  0 

18 

410 

5,356 

1,379 

12 

10 

90 

12 

2o8 

8,643 

1,440 

8 

7 

7  0 

7 

115 

1,943 

1,561 

8 

6 

v2 
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The  above-named  gons  are  those  most  commonly  used,  but 
besides  them  a  few  of  the  following  are  also  mounted : — 

13-5.inch  B.L.  of  69  tons. 
12-incb  B.L.  of  46  tons. 
8-inch  B.L.  of  15  tons. 
17-72.inch  R.M.L.  of  100  tons. 
11-inch  and  12-inch  R.M.L.  of  25  tons. 

A  number  of  7-inch  R.M.L.  of  6^  tons  are  employed ;  they 
are  about  the  same  in  power  as  the  7-inch  of  7  tons,  but  are 
differently  mounted. 

There  are  many  64-pr.  R.M.L.  They  have  practically  no 
armour-piercing  power. 

The  6-pr.  Q.l< .  will  put  its  projectile  through  a  2-inch  steel 
plate  at  1,000  yards,  and  the  3-pr.  Q.F.  through  a  18  inch 
plate. 

All  these  guns,  except  the  64-pr.,  are  capable  of  piercing  at 
moderate  ranges  the  thin  armour  protecting  the  secondary 
batteries  of  modern  battle-bhips  and  the  guns  of  cniisers, 
and  the  heavier  natures  can  do  so  up  to  the  limits  of  their 
range. 

The  heaviest  armour  can-ied  afloat,  such  for  instance  as  the 
belt  of  the  "Formidable,"  21^  inches  of  steel,  is  not  penetrable 
by  any  of  them,  except  the  very  large  ones,  but,  as  we  have 
seen  in  para.  924,  this  is  not  a  matter  of  primary  importance. 

The  older  ironclads  have  varying  powers  of  resistance,  but, 
speaking  generally,  it  may  be  said  that  either  their  annom*  is 
thin  generally,  and  therefore  penetrable  by  all  the  guns,  or, 
if  thick,  it  IS  concentrated  and  the  unarmoured  ends  are 
exposed. 

The  general  feeling  at  present  (1892)  is  that  in  almost  all 
cases  a  sufficient  defence  can  be  got  with  the  9'2-inch  and 
6-inch  B.L.  guns,  and  that  not  unfrequently  the  6-inch  alone  is 
powerful  enough. 

There  are  a  large  number  of  heavy  R.M.L.  guns  in  the 
service,  and  these  are,  of  comise,  utilised  as  far  as  possible. 
They  are  quite  efficient  up  to  the  limits  of  then-  power,  the 
objections  to  them  being  that  they  are  somewhat  heavy  to 
handle  and  difficult  to  protect  satisfactorily.  They  have  indeed 
one  advantage  over  the  B.L.  guns  in  the  large  capacity  of  their 
common  sheQ.  How  gi*eat  this  is  will  be  understood  from  the 
fact. that  tlie  effect  of  common  shell  exploding  in  a  ship  is 
assumed  to  vary  as  the  square  of  the  bureting  charge,  and  this 
again  varies  as  the  cube  of  the  calibre  for  similarly  proportioned 
projectiles. 

Although  the  3  and  6-pr.  Q.F.  will  perforate  thin  armour  at 
a  short  range,  they  are  mainly  intended  for  filing  at  unarmoured 
vessels  and  at  guns'  crews.     There  seems  to  be  a  disposition  to 
increase  the  use  of  thin  plating  which  will  keep  them  out. 
Accuracy^  930.  The  accuracy  and  rate  of  fire  of  guns  are  important 

factorb  in  deciding  on  suitable  places  for  their  use. 

The  6-iiich  B.L.,  if  truly  laid,  may  be  considered  as  capable 
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of  striking  a  ship  at  every  other  round  up  to  a  ran^e  of  5,000 
yards.*    Above  this  distance  it  falls  oflF  a  gf>od  deal. 

The  9'2-inch  is  as  accurate  at  6,000  yardst  as  the  fi-inch  is 
at  3,000,  and  may  be  usefully  employed  up  to  a  range  of  10,000 
yards. 

The  10-inch  R.M.L.  has  about  the  same  accuracy  at  4,000 
yards  that  the  6-inch  B.L.  has  at  5,000  yards,  and  the  9-inch 
K.M.L.  is  similar  to  the  10-inch. 

931.  The  average  rate  of  aimed  fire  of  some  of  the  guns  Bate  of  fire, 
most  commonly  used  is  given  below.    It  is  for  fairly  trained 
detachments,  but  not  the  best. 

9'2-inch  B.L.,  H.P. — A  round  in  3  minutes. 
9*2-inch  B.L.  barbette — Probably  a  little  quicker. 
10-inch  R.M.L.  barbette — ^A  round  in  2^  minutes. 
9-inch  R.M.L.  H.A.  fire  mounting — Aroimdin  2  minutes. 
6-inch  B.L.,  H.P. — A  round  in  2^  minutes. 
6-inch  Q.F. — 6  rounds  a  minute. 

It  will  be  understood  that  these  times  can  be  improved,  and 
may  on  the  other  hand  be  much  exceeded.  The  lighter  guns 
will  keep  up  their  rate  for  the  longest  time. 

The  6-inch  Q.F.  is  not  yet  (1892)  on  use  on  land,  though  it 
is  in  the  Navy,  but  the  difference  in  its  rate  of  fire  over  the 
gun  of  the  same  calibre,  mounted  on  an  H.P.  carriage,  is  so 
great  (fifteen  times  as  fast)  that  it  is  certain  to  be  much  em- 
ployed.    The  rate  of  fire  given  here  is  within  its  capabilities. 

It  is  indeed  necessary  to  use  smokeless  powder  to  gain  the 
full  advantage  of  the  rapid  loading,  as  otherwise  it  is  impos- 
sible to  see  to  aim,  but  even  without  this  there  could  be  an 
increase  of  speed. 

932.  There  are  two  rules  about  armour  penetration  which  Armour 
are  nearly  correjt,  and  are  easy  to  remember,  and  which  are  P®'^*^'*'^^"' 
useful  in  deciding  what  can  be  done  against  any  particular 

ship.  One  is,  that  against  a  single  wrought-iron  unbacked  plate 
a  shot  will  perforate  one  calibre  in  thickness  for  every  1,000 
feet  velocity.  Thus  a  10  inch  shot  with  1,500  feet  velocity 
will  perforate  a  15-inch  wrought-iron  plate;  with  2,000  feet 
velocity  it  will  perforate  a  20-inch  plate,  and  similarly  for  other 
calibres. 

Another  useful  rule  is  that  a  common  shell  can  be  put 
through  a  plate  half  a  calibre  thick ;  thus  a  10-inch  shell  can 
be  put  through  a  5-ineh  plate.  It  follows  from  these  two  rules 
that  the  common  shell  of  a  10-inch  B.L.  gun,  striking  fair, 
should  perforate  a  5-inch  plate  at  all  ranges  up  to  about  9,200 
yards,  at  which  range  its  velocity  falls  below  1,000  feet  per 
second. 

In  the  early  days  of  armour  plates  wrought  iron  was  ex- 

•  Fifty  per  cent,  of  rounds  should  fall  within  30*6  yards  long,  2-2  jards  broad, 
and  5'33  yards  high. 

t  Fifty  per  cent,  of  rounds  should  fall  within  28  yards  loug,  2*6  yards  broad, 
and  4*2  yards  high. 
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clusively  employed,  and  there  are  many  ships  now  afloat 
which  carry  it.  Of  late  years  steel-faced  and  steel  armour 
plates  have  been  introduced.  The  latter  are  somewhat 
variable  in  quality.  Sometimes  they  are  no  stronger  than  the 
same  thickness  of  wrought  iron.  Sometimes  they  are  equal  to 
a  plate  of  a  third  greater  thickness.  Thin  steel  may  be  taken 
as  equal  to  twice  its  thickness  of  wrought  iron.  The  quaUty 
of  steel  is  being  much  improved.  The  steel  plates  require 
rather  to  be  smashed  than  to  be  perforated. 

933.  The  only  piece  of  the  nature  of  a  howitzer  at  present 
n892)  in  the  service  for  the  attack  of  ship's  decks  with  high-angle 
fire,  is  the  9-iuch  R.M.L.  gun,  mounted  so  as  to  be  capable  of 
firing  at  angles  of  elevation  up  to  70^.  Its  projectile  moves  with 
a  low  velocity,  but  would  probably  penetrate  a  thin  armoured 
deck  (2-inch)  at  any  range,  out  not  the  3-inch  or  thicker  decks 
which  are  being  used.  This,  however,  does  not  much  matter. 
The  projectile  would  indeed  rarely  reach  the  armoured  deck, 
which  is  at  about  the  water  level.  It  would  expend  its 
energies  on  the  decks  above  where  the  guns  and  their  crews 
are  placed. 

As  to  accuracy,  good  results  have  been  made  at  a  drifting 
target  up  to  a  range  of  nearly  10,000  yards,  which  may  be 
taken  as  its  extreme  range  for  fighting  purposes.  It  would 
probably  be  impossible  to  reckon  on  hitting  a  rapidly  moving 
object  at  such  a  long  distance  owing  to  its  long  time  of  flight, 
and  the  considerable  drift,  due  to  wind  and  other  causes ;  but  it 
would  make  it  very  dangerous  for  a  ship  to  move  slowly  or 
to  anchor. 


Q^anson 
board  ship. 


Accuracj. 


Nature  and  Effect  of  Ship^a  Guns. 

934.  The  guns  canied  by  foreign  ships  of  war  are  similar 
in  power  to  those  of  our  own  mentioned  in  the  last  section, 
but  the  heavier  guns  are  much  more  common  on  battle-ships 
than  they  are  in  fortresses.  Their  secondary  batteries  no^ 
generally  consist  of  light  guns  of  the  larger  quick-firing 
type.  Cruisers  usually  cany  light  weapons,  liaving  only  to 
deal  with  thin  armour. 

Howitzers  are  not  at  present  carried  on  board  ship,  but  it  is 
probable  that  if  a  serious  attack  were  made  upon  a  coast 
lortress,  special  vessels  carrying  howitzers  would  be  employed, 
as  mortar  boats  were  in  former  wars. 

935.  The  accuracy  of  fire  of  guns  on  board  ship  is  naturally 
not  so  great  as  that  from  those  mounted  on  land,  and  they 
have  not  the  same  facilities  for  range  finding.  At  the  same 
time,  if  their  mark  on  land  was  as  large  as  a  ship,  they  would 
no  doubt  make  good  practice  at  it.  But  in  designing  a  battery 
only  small  vulnerable  targets  should  be  given,  which  the 
ships  must  always  find  it  extremely  diflScult  to  hit,  since 
their  guns  are  necessarily  subject  to  various  causes  tending  to 
produce  small  variations  of  uncertain  amount  both  in  training 
and  elevation. 
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Effect  of  Ship's  Gum. 

936.  The  following  experimental  results  will  give  some 
idea  of  the  effects  of  naval  artillery  against  various  forms  of 
constracticm  used  in  batteries  on  land. 

Against  armour  the  effects  are  of  course  the  same  as  on  Effects 
board  ship,  but  a  form  of  construction  which  is  cheaper  though  *^^'^, 
equally  strong  has  usually  been  employed  in  our  works.  ^wt" 

This  is  called  the  "  plate-upon-plate "  system.  Thus,  for  batteries, 
example,  instead  of  using  a  15-inch  plate,  three  5-incb  plates 
are  employed  separated  by  5-incli  intervals  filled  with  wood. 
This  is  not  quite  so  good  against  a  single  blow,  but  better 
against  repeated  ones.  The  **plate-upon- plate"  structure  also 
easily  admits  of  additional  plates  being  added,  or  of  damaged 
ones  being  replaced. 

In  foreign  countries  massive  cast-iron  armour  has  been  a 
good  deal  used.  If  made  thick  enough  it  is  proof  against  the 
heaviest  guns  until  cracked  to  pieces.  It  can  be  cast  into 
forms  suitable  for  deflecting  shot,  but  it  cannot  be  strengthened 
after  being  made.    It  has  not  been  used  in  our  service. 

937.  Against  vertical  walls  the  effect  of  heavv  projectiles  is  Effect  ftgainst 
very  great.     The  following  penetrations  have  been  obtained  ^*^'' 

into  Portland  cement  concrete : — 


Calibre  of  guns  in  inches. 

Striking  energy  in 
foot-tons. 

Penetration  in  feet. 

6-inch  B.Ii.  •  •         •  •         . .         .  • 

10-inch  R.M.L 

12inchB.L.             

16-inch  B.M;.L 

1,989 

6,364 

15,000 

80,000 

12  feet  6  inches. 
17  feet. 
2 1  feet. 
8  i  feet. 

Against  masonry  walls  the  penetration  is  not  so  great,  but 
the  disruptive  effect  is  enormous,  the  blocks  of  stone  all  round 
the  point  of  impact  being  hurled  aside.  A  wall  after  being 
struck  by  a  heavy  shot,  looks  as  if  it  had  been  lifted  up  and 
shaken. 

The  effect  of  common  shell  will  be  more  destructive  than 
that  of  shot  if  it  penetrates  before  bursting.  Common  shell 
from  a  10-inch  B.M.L.  gun  fired  against  a  concrete  mass  have 
attained  a  mean  penetration  of  8  feet  9  inches  and  formed 
large  craters  of  from  10  to  14  feet  in  diameter,  starting  and 
sh«S:ing  the  material  over  great  distances  and  throAving  it  down 

in  masses. 

These  results  show  that  vertical  walls  of  concrete  or  masonry- 
should  not  be  used  to  stand  up  against  modern  artillery  if  it 
can  possibly  be  avoided.  If  they  have  to  be  employed,  the 
larger  their  mass  the  better  their  resisting  power  will  be. 
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"Effect  on 

earth 

parapets. 


Bfiaet  agaiiut 
men. 


938.  In  earth  a  projectile  will  penetrate  as  far,  or  farther, 
than  into  ctmcrete  if  it  gets  fairly  imbedded^  but  the  material 
can  be  arranged  so  as  to  deflect  and  turn  it  outwards.  In  the 
bombardment  of  the  forts  of  Alexandria  none  of  the  projectiles 
penetrated  more  than  20  feet  of  sand,  not  even  those  from  the 
oO-ton  R.M.L.  gun.  All  those  that  struck  parapets  of  greater 
thickness  turned  and  came  out.    Flat  slopes  assist  this  action. 

Large  common  shell  bursting  in  a  parapet  would  move 
large  masses  of  earth,  and  it  is  therefore  very  desirable  to 
deflect  them  before  they  can  explode.  This  may  be  done  by- 
making  the  upper  portion  of  the  panipet  of  sand,  and  by  having 
a  solid  mass  underneath  it,  such  as  the  natural  ground.  A 
strong  retaining  wall  to  the  interior  of  the  parapet  will  hold  up 
the  earth  nnd  assist  in  this  action. 

939.  It  is  easier  to  provide  e£Scient  shelter  for  men  in  a 
coast  battery  than  in  a  land  fort,  as  ships  do  not  fire  high-angle 
projectiles.  Moreover,  ships  will  use  common  shell,  not  shrapnel, 
as  the  difficulty  of  bursting  the  latter  at  the  right  point  is  very 
great.  Still  men  may  be  driven  from  the  g^s  for  a  time,  but 
they  will  be  able  to  return  to  them  again. 

The  smaller  projectiles,  such  as  those  from  quick-firing  and 
machine  guns,  do  not  seem  to  produce  much  effect  either  in 
experiments  or  on  service.  The  snots  are  counted  by  thousands ; 
the  hits  by  tens,  or  even  units.  They  could  in  no  case  be  of  use 
except  at  very  short  ranges. 


Objeota  of 

coast 

batteriee. 


Section  3.— Disposition  of  Coast  Works. 

940.  The  various  objects  for  the  attainment  of  which  coast 
batteries  are  built,  are  the  following : — 

1.  To  close  the  passage  of  a  river  or  channel. 

2.  To  protect  a  town  or  dockyard  from  bombardment. 

3.  To  deny  to  an  enemy  the  use  of  an  anchorage. 

4.  To  defend  a  la<iding-place. 

5.  To  deter  ships  from  attacking  the  flank  of  a  line  of  works 

ending  on  the  sea. 

These  all  require  a  certain  difference  of  treatment,  for  which 
reason  they  are  classed  in  this  manner. 


dofiTiga 
channel. 


Choice  of  a 
position. 


Closing  a  Channel. 

■ 

941,  To  close  a  channel  it  is  necessary  to  keep  the  enemy's 
ships  a  long  time  uuder  fire,  in  order  to  ensure  their  being 
seriously  injured  and  put  out  of  action. 

This  end  may  be  attained  either  by  forcing  them  to  slacken 
speed  before  the  batteries,  or  by  momiting  a  large  number  of 
guns. 

The  former  method  is,  of  course,  the  best  to  adopt  if  possible, 
so  a  position   should  be  chosen  for  the  batteries  where  the 


L 


r 


PL.CCI. 


Keep 


■^  J  rjsa 


\ 


Opp.pa^  231, 


Judd»C*L*«  ^xX.\i,4ll7.tl$i 


DISPOSITION  OF  COAST  WORKS.  297 

I  channel  is  either  obstructed  or  sharply  bent,  or  where  submanne 

mines  can  be  laid. 

These  points  are  the  first  to  look  to  in  considering  the 
defence  of  a  channel,  for  it  not  unfi-equently  happens  that  the 
position  that  looks  most  suitable  on  the  map^  proves  quite  the 
reverse  when  the  chart  and  the  sailing  directions  are  con- 
sulted ;  the  water  may  be  too  deep  for  mines,  or  the  current 
too  swift,  and  then  there  is  no  choice  but  to  tiy  to  fiud  another 
position. 

The  manner  in  which  the  batteries  are  arranged  when  once  AmngeuieDfc 
f  the  general  position  is  selected  depends  to  a  very  great  extent  of  batteriei. 

on  the  accidents  of  the  ground,  but  they  may  either  be  massed 
near  the  obstruction,  as  in  PI.  CCII,  Fig.  1,  or  spread  out  along 
the  side  of  the  channel,  as  in  PI.  CCI,  Fig.  2.  The  latter  method 
is  preferable,  as  it  gives  a  somewhat  better  chance  if  the  obstruc- 
tion be  not  in  place  when  required. 

However,  this  is  usually  decided  by  other  considerations  than 
pure  tactics ;  such  as  the  nature  of  the  ground,  the  number  of 
guns  available,  the  money  to  be  spent  on  the  batteries,  and  the 
number  and  quality  of  the  troops  ;  it  is  cheaper  to  mount  a 
certain  number  of  guns  in  a  few  works  than  in  many  ;  it  takes 
a  less  number  of  men,  and  they  are  easier  kept  in  hand  if  they 
are  not  fiist-class  troops.  From  this  it  may  be  in  fenced  that 
it  is  only  fiist-class  fortresses  that  have  their  approaches 
defended  by  a  long  string  of  works. 

It  is  very  desirable  to  nave  a  second  line  of  works  in  places  Second  lin« 

^  ^       of  any  importance.     They  tend  to  neutralise  the  effect  of  any  desirable. 

failure  to  hold  the  front  line  and  give  another  chance,  and 
they  also  prevent  the  enemv  passing  the  first  line  without 
reducing  the  forts,  as  he  would  otherwise  find  himself  between 
two  fires. 

942«  When  the  channel  to  be  defended  leads  into  a  harbour  Or^nisation 
there  is  another  reason  for  the  use  of  two  lines  of  defence,  'o>f  admitting 
based  on  the  organisation  for  passing  in  friendly  ships  in  war-  "^'P^* 
f  time.     This  is  as  follows :  there  is  an  outer  anchorage  under  the 

fire  of  the  guns  of  the  plane  to  which  all  ships  are  admitted, 
either  by  day  or  night,  if  nut  at  once  recognised  as  hostile.  In 
this  outer  anchorage  they  are  examined  by  certain  officials,  and, 
if  friendly,  they  are  allowed  to  pass  into  the  inner  anchorage. 
It  is  the  passage  between  the  outer  and  inner  anchorages  that 
has  to  be  most  carefully  defended,  especially  against  swift 
vessels  trying  to  run  past,  and  here  the  submarine  mines  would 
be  placed.  This  naturally  leads  to  a  massing  of  some  of  the 
batteries  about  the  mine-neld,  ^vhile  others  are  pushed  out  to 

r  J  the  front  to  cover  the  approaches  and  outer  anchorage. 

Sr  In  small  harbours  the  place  of  the  second  line  may  be  t-aken  Small 

by  a  citadel  or  some  interior  work,  whose  guns  command  the  'ortressea. 
harbour. 

In  very  small  places  there  may  be  no  question  of  second 
lines,  or  even  of  interior  works. 

^   *  There  may  be  half-a-dozen  or  less  guns  allotted  whir^h  have 

*  to  be  made  the  best  of,  and  to  be  disposed  so  as  to  ward  off  as 

many  forms  of  attack  as  possible. 
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An  example 
of  a  Bmalt 
harbour. 


In  this  case  the  pmciple  still  holds  good  as  to  how  a  channel 
should  be  closed ;  as  heavy  a  fire  as  possible  should  be  brought 
to  bear  on  the  water  just  in  front  of  the  line  of  obstruction.  A 
line  of  submarine  mines  and  two  or  three  guns  might  cause 
considerable  delay  in  forcing  an  entrance,  which  in  many  cases 
would  be  equivalent  to  securing  the  place. 

A  common  case  of  a  small  harbour  is  illustrated  in  PL  CCII, 
Fig.  2,  where  a  bay,  forming  a  harbour,  is  sheltered  from  sea- 
ward by  a  breakwater  or  point  of  land.  The  town  will  usually 
be  found  at  the  upper  end  of  the  harbour;  sometimes  extending 
to  the  sea,  sometimes  not. 

The  three  batteries  of  primary  importance  are  at  A,  B,  and 
C.  A  protects  the  town  and  anchorage  from  bombardment; 
B  defends  the  entrance,  and  also  guards  against  bombardment ; 
G  prevents  any  vessel  which  may  rush  past  B  from  finding 
heraelf  in  safety.  It  may  also  fire  out  to  sea  over  the  break- 
water. If  there  is  a  difficult  entrance  or  a  strong  mine  defence 
C  may  not  be  required. 

If  the  entrance  is  wide,  or  if  the  point  of  land  be  con- 
veniently shaped,  a  useful  site  for  a  battery  will  be  found 
at  D.  It  will  depend  on  the  trend  and  elevation  of  the 
ground,  and  on  the  depth  of  water  off*  the  shore  whether  it  will 
bo  necessary  to  have  additional  batteries  on  the  flanks,  as  at 
EandF. 

.This  type  of  harbour  will  be  found  a  good  one  to  keep  in 
mind ;  a  place  often  belongs  to  it,  though  at  first  sight  it  may  be 
difficult  to  detect  the  resemblance. 


Protection 
from  bom- 
bardmoDt. 


Protection  fiH>m  Bombardment, 

944.  The  works  that  close  the  passage  of  a  channel  some- 
times also  serve  to  keep  the  enemy  at  such  a  distance  that  he 
cannot  bombard  the  place  to  which  it  leads.  If  the  channel  be 
blocked  at  such  a  distance  off  that  the  enemy  must  pass  the 
works  in  order  to  get  within  range  of  the  town,  this  further  end 
is  thus  attained. 

But  often  it  is  not  so.  The  distance  at  which  a  town 
c^in  be  bombarded  may  be  taken  at  10,000  yards,  or  about 
six  miles.  The  shooting  fi-om  ships  at  that  range  would 
undoubtedly  be  rather  wild,  but  a  town  is  a  big  thing 
to  hit,  and  the  projectiles  would  arrive  with  quite  suffi- 
cient velocity  to  smash  up  ordinary  buildings.  The  present 
long  guns,  too,  are  much  more  accurate  than  the  old  short 
ones. 

Now,  six  miles  is  a  long  way  to  push  out  one's  works,  and 
moreover,  there  are  not  many  harbours  which  have  approaches 
of  such  length.  Consequently,  the  batteries  closmg  the 
channels  of  approach  have  usually  also  to  ward  oS  a  bombard- 
ment, as  far  as  it  is  possible  for  them  to  do  so. 

If  they  have  this  double  role  to  fill,  it  would  in  many  cases 
be  advisable  to  retire  some  of  the  batteries,  so  that  tne  finst 
brunt  of  the  action  may  not  fall  on  them,  but  that  they  maj 
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be  reserved  against  a  serious  attack.  They  should,  however, 
be  able  to  help  with  their  long-range  fire  in  the  earlier  stages 
of  the  affair. 

The  mere  bombardment  of  a  place  is  a  very  pai*tial  triumph;  Bombardment 
it  must  be  uncertain  in  its  action,  and,  except  on  the  civil  ^^iJ^^rm 
population,  can  have  little  effect ;  against  dockyards  and  naval 
stores  the  results  would  be  very  small,  as  they  contain  so  little 
nowadays  that  can  be  injured  in  that  way.  Stores  of  iron 
s cannot  be  hurt  much;  coal  will  not  catch  fire  from  shells 
fired  into  it;  docks  and  wharf  walls  require  most  deliberate 
opei*at>o?is  to  injure  them  seriously;  they  must  be  blown 
up,  not  chipped  about  with  bits  of  shells;  so  that  it  would 
hardly  pay  to  bombard  any  place  except  a  commercial 
town,  on  the  chance  of  its  being  fiightened  into  paying  a 
ransom.  The  things  in  a  dockyard  that  can  be  seriously 
injured  by  distant  shell  fire  are  machinery,  dock  gates,  and 
ships  undergoing  repair.  Machinery  might,  in  some  cases, 
be  protected  by  bombproof  covar. 

Guns  mounted  for  the  purpose  of  keeping  an  enemy's  ships  Nature  and 
at  a  distance  need  not  be  very  numerous,  for  the  operation^  of  disposition  of 
a  bombardment  must  be  somewhat  lengthy,  and  there  will  be  ™ye^  ^^ 
plenty  of  opportunities  of  getting  hits;   but  thev  must  be  bombard- 
securely  mounted,  so  that  the  enemy  shall  not  be  able  to  make  n^«nt. 
a  gap  for  himself  by  silencing  a  few  of  them,  and  they  must 
cover  with  their  fire  the  whole  area  of  water  from  which  the 
enemy  can  attack,  and  it  may  be  noted  that  he  can  of  course 
bombard  over  an  intervening  strip  of  land. 

The  best  style  of  battery  for  keeping  ships  at  a  distance  is 
one  for  barbette  guns,  if  tolerably  high  ground  can  be  got  for 
a  site,  or  if  not,  for  disappearing  guns.  The  help  that  the  guns 
give  one  another,  owing  to  the  large  arc  of  fire  that  it  is 
possible  to  give  them  with  these  mountings,  enables  their 
numbers  to  be  reduced  to  a  minimum,  without  incurring  the 
danger  of  leaving  blank  spaces  through  the  silencing  of  one 
gun.  To  close  a  channel,  on  the  other  hand,  it  used  to  be 
considered  necessary  to  casemate  at  least  some  of  the  guns  for 
their  ^eater  security,  for  the  enemy  is  likely  to  attack  the 
battenes  built  for  this  purpose  with  greater  determination  than 
any  which  are  merely  meant  to  keep  him  at  a  distance,  the 
results  to  be  attained  by  him,  if  successful,  being  so  much 
greater.  The  modem  way  of  meeting  the  difficulty  is  to  have 
works  dispereed  so  as  to  bring  a  fire  to  bear  from  various  direc-  • 

tious;  disappearing  mountings,  concealed  howitzer  batteries, 
and  locomotive  torpedoes  being  used. 

Denying  the  Use  of  an  Anchorage. 

945.  The  denial  of  a  harbour  to  an  enemy  is  the  minimum  BenTing  a 
to  which  its  defence  can  be  reduced.     It  merely  means  that  it  J^^^^i'' 
can  be  of  no  use  to  oneself,  and  therefore  shall  be  of  none  to 
him ;  it  is  all  that  remains  possible  if  one  is  worsted  in  a  defence 
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of  the  approaches,  and  in  many  cases  it  is  all  that  requires  to 
be  done,  for  instance,  when  the  defence  of  one  harbour  renders 
it  necessary  to  take  steps  to  prevent  the  enemy  using  any 
adjacent  one  which  he  might  make  a  base  of  opei-ations.  For 
an  example,  see  PI.  CCI,  Fig.  1,  which,  however,  is  really 
a  case  of  defence  of  a  Landing  Place.  If  it  were  only  in- 
tended to  deny  the  anchorage  fewer  works  would  suffice ;  say, 
the  keep  and  one  of  the  batteries. 

In  tue  defence  of  first-claPS  ports  it  is  not  worth  while  to 
make  any  arrangements  for  firing  on  the  harbour;  it  is  essential 
that  the  enemy  should  be  kept  outside,  and  that  your  own 
operations  within  shtmld  be  unimpeded;  but  in  tii'e  CMse  of 
small  harbours  and  coaling  stations,  it  is  a  good  precaution  to 
have  a  few  well  protected  guns  or  howitzers  bearing  on  the 
inner  waters,  thus  enabling  the  garrison  to  keep  up  the  fight 
to  the  very  last. 

If  the  work  in  which  they  are  mounted  can  be  made  the 
citadel  of  both  the  sea  and  the  land  defences  there  will  bo  the 
greatest  possible  concentration,  and  the  smallest  remains  of  the 
gamson  will  be  enabled  to  hold  out. 

Time  gained  is  everything  in  fortification,  and  a  few  hours 
resistance  may  enable  a  relieving  fleet  to  arrive.  The  defence 
of  Lissa  in  1866  is  an  example  of  this. 

In  the  defence  of  a  roadstead  it  is  of  great  importance  to 

cover  all  the  waters  with  fire,  as  in  such  a  place  it  is  usually 

difficult  to  arrange  obstructions,  and  an  enemy's  ship  might 

otherwise  be  able  to  run  in  and  take  some  of  the  batteries  in 

reverse. 

Hartjours  In  the  case  of  harbours  which  it  is  desirable  to  prevent  the 

'^^^'^V?  ^^^  enemy  from  using,  but  not  necessary  to  preserve  as  a  refuge 

the"defence.     ^^^  the  ships  of  the  defence,  it  is  often  sufficient  to  be  able  to 

fire  on  the  inner  waters  only,  and  not  on  the  approaches,  and 

the  guns  may  therefore  be  so  mounted  as  to  be  unattackable 

from  the  exterior;   this  forces  the  enemy  to  come   into   the 

narrow  waters  of  the  harbour  brfore  he  can  attempt  to  silence 

*    them,  thus  making  him  fight  at  a  disadvantage.     It  also  lessens 

the  number  of  guns  required. 

A  work  in  which  guns  are  thus  mounted  will  require  pro- 
tection from  the  fire  of  ships  taking  them  in  reverse,  but  this 
may  be  obtained  by  massive  construction  withcmt  its  being 
necessary  to  provide  heavy  artillery  on  the  seaward  faces. 

The  guns  used  need  not  be  of  the  heaviest  class,  as  rapidity 
in  producing  an  effect  is  not  so  much  of  an  object  as  it  is,  for 
instance,  in  the  defence  of  a  channel.  While  the  guns  are  firing, 
the  enemy  cannot  land  men  or  get  on  board  stores ;  but  they 
must  be  very  safely  mounted,  so  as  not  to  succumb  to  a  pro- 
tracted assault 
Exposure  to  a  If  a  work  is  at  all  isolated,  as  those  of  this  class  often  are, 
land  attack,      carcful  precautions  must  be  taken  against  a  land  attack,  which 

would  most  likely  be  attempted  as  a  preferable  course  to  risking 
ships  against  it.  Ihis  condition  used  to  render  it  necessary  to 
casemate  at  least  some  of  the  guns,  in  order  to  shelter  them 
from  curved  fire.     The  case  would  now  usually  be  met  by 
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mounting  concealed  howitzers  and  some  disappearing  guns, 
not  of  great  weight,  but  rapidly  worked  and  giving  a  small 
mark. 

As  a  land  attack  has  to  be  provided  against  as  well  as  one 
from  the  sea,  and  as  the  armour-piercing  power  of  the  guns  is 
not  of  such  great  consequence,  the  formation  of  the  ground  has 
a  great  infl'ience  over  tlie  choice  of  a  site  for  works  of  this 
nature ;  they  should  be  placed  where  the  natural  advantages 
give  them  the  greatest  strength,  even  if  a  loss  of  range  for  the 
heavy  guns  be  the  result. 

Defence  of  a  Landing  Place.     (See  PI.  CCI,  Fig.  1.) 

946.  The  defence  of  a  landing  place  does  not  necessarily  Defence  of  a 
require  any  heavy  guns  at  all ;  indeed,  when  they  are  used,  landing  place, 
they  are  the  defence  of  the  defences  rather  than  the  actual 
defences  themselves. 

For  the  landing  may  be  best  prevented  by  the  fire  of  light 
guns  along  the  shore,  destroying  the  boats  and  men  as  they 
approach,  or  while  the  disembarkation  is  going  on ;  if  these 
guns  can  be  so  arranged  that  they  carmot  be  injured  or  sdenced 
from  seaward,  an  ironclad  can  do  nothing  to  help  the  landing, 
and  there  is,  therefore,  no  object  in  providing  guns  to  fire  at 
one.  If,  however,  it  is  impossible  to  get  security  for  the  small 
guns  by  concealing  them,  it  must  be  attained  by  mounting  g^ns 
which  will  drive  off  the  covering  ships. 

The  fire  of  these  guns  need  only  sweep  the  water  from 
which  the  flanking  batteries  can  be  attacked.  Their  number 
need  not  be  large,  but  the  protection  given  to  them  should  be 
good,  for  the  operation  of  effecting  a  landing  in  the  face  of 
permanent  defences  is  a  hazardous  one,  and  must  be  carried  out 
with  energy  if  it  is  to  succeed ;  the  works,  therefore,  will  be 
attacked  vigorously,  if  they  are  attacked  at  all. 

The  guns  must  be  of  sufiicient  power  to  beat  off  the  attack- 
ing ships  before  they  have  inflicted  much  damage  on  the 
flanking  batteries  of  lighter  guns;  if  these  guns  are  very  well 
protected,  so  that  a  long  bombardment  will  be  necessary  to 
silence  them,  the  covering  battery  will  have  plenty  of  time  to 
act,  and  its  guns  need  not  be  so  powerful  as  if  they  were 
obliged  to  produce  an  effect  promptly,  for  an  ironclad  could  not 
stand  a  continuous  pounding,  even  from  guns  which  could  not 
pierce  her  in  single  shots. 

Defence  of  the  Flank  of  a  Line  of  Works. 

947.  The  case  of  a  battery  which  is  intended  to  protect  the  l>efenceof  the 
flank  of  a  line  of  land  worKs  is  similar  to  the  last,  and  only  ^•'ik of  aline, 
differs  from  it  in  two  points,  viz.,  it  is  not  necessarily  liable  to  be 
attacked  by  troops  landed  for  the  purpose,  and  it  is  almost 
necessarily  exposed  to  an  attack  from  siege  works  such  as  are 
directed  against  land  forts. 

In  view,  therefore,  of  the  accuracy  which  is  attainable  by 
the  fire  from  them,  it  is  advisable  to  take  particular  precautions 


302 


COAST  DEFENCE, 


against  danger  from  this  quarter.  It  used  to  be  necessary  to 
provide  the  guns  with  casemated  cover.  It  is  now  sought  to 
attain  the  desired  end  by  usiner  concealed  howitzer  batteries 
and  disappearing  gun  mountingf  Barbette  batteries  near  the 
land  works  cannot  be  counted  on  to  remain  efficient  during  a 
siege,  as  no  amount  of  height  in  the  traverses  will  make  the 
guns  safe  against  curved  fire. 

It  is  desirable  to  place  a  battery  for  this  purpose  somewhat 
in  rear  of  the  fort  it  is  intended  to  support.  It  is  thus  safe 
against  a  land  attack  while  the  fort  holds  out,  and  the  fire 
ot  any  ship  attacking  is  divided  between  the  fort  and  the 
batterv. 


The  forms  of 
batteries 
depend 
mainl  J  on 
the  gun 
mountings. 


Casemate 
mountings. 


Barbette 
mountings. 


Disappearing 
mountings. 


Higb-angle 

lire 
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Section  4. — Mountings  for  C!oast  Defence  Guns. 

948.  Having  now  arrived  at  some  idea  of  the  power  of  the 
various  guns  used  in  .the  defence  and  in  the  attack,  and  of  the 
general  disposition  of  coast  batteries,  we  are  in  a  position  to 
consider  the  most  suitable  forms  and  modes  of  arrangement  for 
the  batteries  themselves.  As  a  preliminary  it  is  necessary  to  be 
acquainted  with  the  forms  and  qualities  of  the  mountings 
used  for  the  guns,  since  on  these  the  shape  of  the  batteries 
mainly  depends. 

949.  The  methods  of  mounting  coast  defence  guns  in  use 
in  the  service  are  very  numerous,  but  they  may  be  divided 
broadly  into  three  classes — casemate,  barbette,  and  disappearing. 

Casemate  mountings  are  employed  for  guns  intended  to  fire 
through  ports,  usually  in  iron  shields.  They  pivot  about  a 
point  in  advance  of  their  front  end,  so  that  the  port  may  oe  as 
small  as  possible,  and  tliey  are  made  low  so  that  the  gun  may 
be  conveniently  loaded  and  worked  by  men  on  the  floor  level. 

Barbette  mountings  are  employed  for  guns  intended  to  fire 
over  the  top  of  a  parapet.  They  usually  pivot  about  a  central 
point,  and  this  is  beet,  but  they  sometimes  pivot  about  the 
same  point  as  a  casemate  mounting. .  They  are  made  as  high 
as  is  possible  consistently  with  convenience  in  working  in  order 
that  a  high  parapet  may  protect  the  gun  detachment.  The 
loading  often  has  to  be  done  from  a  stage  or  from  the  mounting 
itself. 

With  disappearing  mountings  the  gun  fires  over  a  high 
parapet,  but  descends  after  being  fired  to  a  lower  level  to  be 
loaded.  When  it  is  required  to  fire  again  it  is  allowed  to  rise 
to  the  higher  position,  being  usually  elevated  by  means  of  the 
stored-up  energy  of  the  force  of  recoil.  All  the  disappearing 
mountings  pivot  about  the  centre. 

Guns  used  as  howitzers  have  a  special  form  of  mounting 
suited  for  fire  at  high  angles.  As  they  are  always  fired  at 
elevation  the  parapet  in  front  can  be  sloped  up  to  any  desired 
height.     This  mounting  pivots  about  the  centre. 

It  is  unnecessary  for  mstructional  purposes  to  know  all  the 
difierent  kinds  of   mountings.     A  few  examples  which    are 
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tyj)ical  of  large  numberB  of  others,  differing  only  in  dimensions 
or  in  minor  details,  will  be  sufficient  to  illustrate  the  subject, 
and  to  supply  data  for  the  preparation  of  designs. 

950.  As  an  example  of  a  barbette  mounting  for  a  breech-  Barbette 
loading  gun  the  E.O.C.*  barbette  mounting  for  a  9-2-inch  B.L.  foJ^J?|[^^^,^ 
gun  is  taken.     (See  PL  CCIII.)      The  mounting  consists  of  a  ^^i,^  ^^^^ 
carriage  and  slide,  the  carriage  being  on  live  rollers.    The  slide 
works  on  a  combined  pivot,  racer,  and  clip-ring,  which  is  formed 
of  a  heavy  casting  fitted  with  a  wrought-iron  pivot  pin  and 
steel  roller  path.     A  clip  on  the  slide  engages  on  to  the  clip- 
riirg  which  prevents  the  mcmnting  jumping  up  when  the  gun  is 
fired.     The  pivot  plate  is  held  down  by  long  bolts  bedded  in  a 
mass  of  concrete  about  7  feet  6  inches  thick,  and  20  feet  in 
diameter.    The  front  of  the  emplacement  is  cii'oular,  and  the 
radius  should  be  at  least  11  feet  6  inches  in  order  to  give  room 
for  the  detachment.    If  it  be  required  to  work  the  gun  through 
a  complete  circle  the  radius  should  be  14  feet  6  inches. 

The  loading  is  done  by  men  standing  on  the  slide.  They 
are  protected  from  bullets  by  a  sloping  steel  shield  attached  to 
the  carriage.  The  parapet  is  7  feet  6  inches  high,  and  protects 
the  men  who  are  traversing,  elevating,  and  bringing  up 
ammunition. 

The  barbette  mounting  for  the  10-inch  B.L.  is  almost  iden-  Other 
tically  the  same  as  that  for  the  9-2  inch.  barbette 

There  is  another  pattern  of  mounting  which  is  made   so  Bx^gmS!  ^' 
heavy  as  not  to  jump  when  the  gun  is  fired,  and  which  can 
therefore  dispense  witn  the  cUp-ring,  and  with  the  long  holding- 
down  bolts.    The  general  dimensions  of  the  emplacements  are 
nearly  the  same. 

The  6-inch  B.L.  gun  has  a  small  and  neat  barbette  mounting 
which  works  in  an  emplacement  with  a  radius  of  10  feet. 

961.  The  barbette  mounting  for  R.M.L.  Kuns  is  illustrated  Barbette 
by  that  for  the  10-inch  R.M.L.    (See  PL  CCI\C)    The  mounting  "oTch"*  ^"^ 
consists  of  a  carriage  and  slide.     The  slide  works  on  a  steel  racer  r.m.Ii.  gun. 
surrounding  a  cast-iron  pivot-block.    There  is  no  clip-ring,  as 
the  recoil  is  not  violent  enough  to  require  it.    The  racer,  which 
is  4  feet  3  inches  below  the  crest  of  the  parapet,  stands  on  a 
drum  of  concrete  of  a  radius  of  8  feet  3  inches.    Between  this 
drum  and  the  parapet,  which  has  a  radius  of  12  feet,  is  a  sunken 
way  7  feet  below  the  crest.    On  this  level  stand  the  men  who 
traverse,  bring  up  ammunition,  and  help  to  ram  home  the 
charge.     The  men  who  enter  the  charge  into  the  bore  stand  on 
an  attached  loading  stage  fixed  to  the  front  of  the  slide  and 
moving  with  it. 

The  mountings  for  other  R.M  L.  gims  are  very  similar  to  Other 
this  one.    They  differ  in  dimensions,  because  it  is  necessary  that  barbette 
the  crest  line  should  be  so  placed  that  the  muzzle  of  the  gun  S  M^LTSms.' 
should  be  outside  it  when  it  is  run  up  to  fire,  and  sufficiently  far        '  * 
inside  it  to  give  room  for  the  loading  numbers  when  the  gun  is 
run  back.    There  are  also  old  forms  still  in  use. 

*  £.  0. 0.  stands  for  Elswick  Ordnance  Company,  the  old  name  of  the  works  of 
Sir  W.  Armstrong,  Mitchell  and  Co.,  near  Newcastle. 
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The  radius  of  the  parapet  is  10  feet  for  the  9-inch  gun,  and 
14  feet  ()  inches  for  the  12*5  inch. 

The  mountings  for  the  smaller  guns,  such  as  the  64-pr».,  have 
been  described  in  Chapter  IV,  Section  7,  para.  449.    The  7-inch   , 
B^ton  R.&1.L.  gun  is  moimted  in  an  emplacement  of  almost 
identical  dimensions  with  that  of  the  **  bloched-up  "  64-pr. 

952.  The  disappearing  momitings  are  illustrated  by  the 
H.P.  (Iiydro-pneiimatic)  mounting  for  the  6-inch  B.L.  gun.  (See 
PI.  CCV.)  This  consists  mainly  of  three  pai*ts:  the  lower  carria^, 
resting  on  a  live-roller  ring  running  on  a  circular  racer;  tne 
elevators,  caiTying  the  trunnions  of  the  gun,  and  having  their 
lower  ends  hinged  to  the  front  of  the  lower  carriage ;  and  the 
H.P.  cylinder  on  trunnions  between  the  cheeks  of  the  lower 
carriage,  with  the  head  of  its  piston-rod  attached  to  the  middle 
of  the  elevators. 

The  cylinder  is  charged  with  fluid  and  compressed  air,  and 
provided  with  snitable  valve  gear.  When  the  gun  is  fired  it 
rotates  the  elevators  and  descends,  still  further  compressing  the 
air  in  the  cylinder,  so  that  when  released,  the  pressure  is 
sufficient  to  raise  the  gun  again  into  the  firing  position. 

The  lower  carriage  is  provided  with  a  clip  as  the  tendency 
to  jump  is  considerable.  The  racers  are  held  down  to  bolts  to 
a  mass  of  concrete  about  6  feet  deep  and  14  feet  in  diameter, 
which  is  hollo  >ved  out  in  the  centre  in  order  to  be  able  to 
get  at  the  gear  under  the  mouuting. 

The  lower  carriage  carries  a  circular  overhead  shield  to  keep 
out  bullets  and  splinters.  There  is  a  long  hole  in  this  shield 
for  the  gun  to  pass  thi-ough.  The  radius  of  the  emplacement  is 
9  feet  9  inches  at  the  lower  part,  and  8  feet  9  inches  at  the 
overhang.  The  height  of  the  crest  may  be  taken  at  9  feet  for 
general  designs,  but  in  o-der  to  draw  this  emplacement  in 
detail  it  is  necessary  to  adhere  to  several  small  dimensions  and 
slopes. 

In  an  all-round  emplacement  it  is  necessary  to  have  recesses 
in  the  walls  in  order  to  use  the  rammer.  These  should  be  4  feet 
deep,  5  feet  wide,  and  6  feet  6  inches  high,  their  tops  being 
strengthened  with  steel  plating. 

The  gun  is  loaded  and  worked  from  the  floor  of  the  emplace- 
ment, under  the  overhead  shield. 

The  ^^•2-inch  and  lu-inch  B.L.  guns  have  H.P.  mountings 
made  on  the  same  principle  and  general  design,  but  of  much 
larger  dimensions.  The  emplacement  for  the  9':f-inch  B.L.  is 
32  feet  across,  and  8  feet  6  inches  high.  The  concrete  mass  to 
hold  the  racer  is  about  14  feet  deep  below  the  floor,  and 
24  feet  in  diameter.    The  10-inch  gim  requires  rather  more 

room. 

There  are  specimens  of  other  patterns  of  H  P.  mountings  in 
the  service,  but  as  they  are  not  numerous  it  is  not  worth 
while  describing  them  here. 

953.  The  mountings  for  high  angle  fire  at  present  (1892) 
in  the  service  are  for  a  10-inch  R.M.L.  gun,  bored  up  from 
9-inch,  firing  at  angles  from  30  to  70  degrees  elevation. 

In  the  one  here  described  (see  PL  CCVI)  the  breech  half  of 
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the  ^n  is  surrounded  by  a  casing  which  contains  the  buffers 
for  cmecking  recoil. 

This  casing  is  provided  with  trunnions  which  rest  on  the 
carriage,  and  it  moves  with  the  gun.  The  recoil  is  thus 
always  resisted  in  the  line  of  the  axis  of  the  guB. 

The  carriage  has  no  movement  of  recoil.  It  is  bolted  to  a 
circular  girder  which  is  supported  by  a  live-roller  ring,  carried 
by  a  steel  racer  a-nd  cUp  ring. 

The  recoil  buiSers  are  charged  with  fluid  and  compressed 
air,  so  that  the  gun  after  recoil,  returns  automatically  to  the 
firing  position. 

The  racers  are  the  same  as  those  for  the  6-inch  H.P. 
mounting,  with  the  same  holding-doMTi  bolts  bedded  in  con- 
Crete  to  resist  jump.    . 

The  floor  of  the  emplacement  is  level,  except  for  the  racer, 
which  projects.  Its  radius  is  8  feet  9  inches,  at  which  distance 
from  the  centre  is  a  wall  7  feet  •  high.  On  top  of  this  is  the 
loading  way,  5  feet  wide,  which  is  protected  by  an  earthen 
parapet  at  least  7  feet  high  and  not  steeper  than  1  in  1^. 

Ihe  gun  is  loaded  at  an  angle  of  elevation  of  20  degrees. 
The  projectile  is  brought  to  the  muzzle  on  a  small  trolly 
running  on  an  18-inch  gauge  railway  laid  round  the  inner  edge 
of  the  loading  way. 

At  each  end  of  the  loading  way  is  a  davit  for  lifting  pro- 
jsctiles  from  the  floor  of  the  emplacement  on  to  the  trolly. 
Steps  or  ramps  of  access  must  also  be  provided. 

As  the  gun  is  entirely  concealed  behind  the  parapet,  it 
follows  ^that  its  fire  must  be  directed  entirely  by  observation 
from  outside  the  battery.  The  means  by  which  this  is  done 
will  be  described  under  the  heading  "Position  Finding," para. 
981,  et  $eq, 

954.  The  mounting  for  the  6-pr.  Q.F.  gun  illustrates  those  Mountii^  for 
for  quick-firing  guns  generally.  They  are  all  barbette  (see  ^'^'  ^ 
PI.  CCVII).  It  is  essential  for  them  that  the  fi?iug  should  not 
disturb  the  aim,  and  that  they  should  be  easy  to  move.  This 
is  attained  by  carrying  the  gun,  which  has  no  trunnions, 
within  a  casing  where  it  recoils  and  runs  up  automatically. 
The  casing  has  tnmnions,  and  can  be  elevated  and  traversed 
by  means  of  a  shoulder-piece  attached  to  it.  The  pivot  is 
carried  on  a  steel  cone  which  is  bolted  down  to  a  mass  of 
concrete.    The  mounting  carries  a  thin  steel  shield. 

The  gun  fires  over  a  S-foot  parapet.  The  space  in  rear 
must  be  kept  clear  to  a  distance  of  6  feet  from  the  pivot  to  give 
room  for  working  the  gun. 

The  men  working  the  gun  are  unavoidably  exposed,  but  the 
ammunition  can  be  handed  up  from  a  sunken  way. 

The  4'7-inch  Q.F.  gun  is  mounted  in  a  similar  but  much  ^^^ . 
heavier  manner.    It  would  require  a  space  of  8  feet  radius  to  o  B\"gin^  ^' 
be  kept  clear  for  working  it. 

The  6-inch  Q.F.  gun,  which  will  come  into  use  on  land, 
superseding  the  6-incn  B.L.  barbette,  is  mounted  in  a  similar 
manner  to  the  4*7-inch  Q.F.,  but  requires  a  radius  of  about 
9  feet  to  be  kept  clear. 

(82S0)  X 
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Sometimes  the  &-pr.  Q.b\  instead  of  being  placed  on  a  cone 
is  mounted  on  saddle  fixed  to  the  sill  of  a  port. 

The  cone  moimting  for  the  6-pr.  can  be  roofed  over  and 
the  emplacement  converted  into  a  little  casemate  about  8  feet 
square  exclusive  of  any  passage  way.  This  is  useful  on  steep 
ground  or  in  a  place  where  it  may  be  fired  over  by  other  guns. 

The  tourelles  as  used  in  land  defences  would  also  be  useful 
at  times  in  coast  works.  They  would  rive  better  protection 
than  the  casemates  meniioned  above  with  larger  arcs  of  fire. 

955.  Casemates  are  not  at  present  being  built  for  any 
heavy  guns,  but  a  large  number  exist  and  are  aimed,  so  that 
a  few  words  on  casemate  mountings  are  desirable. 

Casemate  mountings  for  B.M.L.  guns  resemble  the  barbette 
moimting  for  the  10-inch  R.M.L.  gun  (PI.  CCIV),  but  are  kept 
as  low  as  possible  and  always  pivot  about  a  point  in  front  of 
the  slide. 

The  only  B.L.  guns  with  a  casemate  mounting  are  the 
12-inch  and  9'2-inch.  They  are  similar  to  the  rest,  but  have  a 
special  addition  to  take  up  the  recoil. 

There  are  other  mountings,  such  as  the  counter-weight,  the 
protected  barbette,  the  Vavasseur,  ifec,  which  are  not  largely 
used  and  need  only  be  mastered  by  those  who  are  directly  con- 
cerned with  them. 


Choice  of 
positions  for 
batteries. 


Section  5.— Position  and  Arrangement  op  Coast  Batteries. 

Positions  for  Coast  Batteries. 

956.  The  ideal  position  for  a  coast  battery  intended  to 
engage  ships  is  one  high  up,  at  least  100  feet,  and  somewhat 
set  back  from  the  deep  water.  The  greater  the  height  the 
better  the  protection  given  by  the  parapet,  since  the  ship  must 
go  further  off  before  the  projectiles  from  her  guns  will  nave  a 
falling  trajectoiy  over  the  crest.  Also  the  battery  gims  will 
have  a  larger  mark  to  aim  at,  since  the  deck  will  be  visible  as 
well  as  the  sides.  At  considerable  heights,  also,  the  plunging 
fire  will  become  effective. 

The  distance  from  the  deep  water  tells  by  preventing  the 
ship  from  getting  near  enough  to  make  her  fire  accurate,  while 
it  will  not  materially  affect  that  from  the  battery.  The  distance 
which  it  is  desirable  to  have  depends  on  the  height.  For  a 
batteiy  which  is  not  high  above  the  water  level  it  should  be 
about  1,000  yards.  This  will  render  useless  the  machine  and 
'  small  quick-firing  guns  of  the  attack. 

Owing  to  the  greater  security  of  a  high-level  battery,  it  is 
often  possible  to  use  barbette  moiintings  in  it  instead  of  the 
more  costly  and  delicate  hydro-pneumatic. 

It  will,  of  coui-se,  often  be  impossible  to  place  a  battery  in 
this  sort  of  position.  Guns  constantly  have  to  be  pushed 
forward  to  the  water's  edge  or  near  it,  in  order  either  to  get 
the  fullest  effect  from  their  penetrative  power,  or  to  get  the 
longest  possible  ranges  from  them,  or  to  command  water 
unseen  from  any  point  further  back.     In  this  case  they  would 
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usually  have  to  be  mounted  on  disappearing  carriages  unless 
they  are  a  long  way  from  deep  water. 

Sometimes  a  high-level  battery  cannot  see  water  imme- 
diately below  it,  which,  if  it  can  be  used  by  vessels,  must  be 
defended  from  another  work. 

The  effect  of  rifled  howitzers  is  independent  of  their  height 
above  the  water  level,  but  it  is  usually  easier  to  conceal  the 
batteries  if  they  are  on  rising  grmmd. 

It  is  desirable  not  to  use  the  highest  ground  of  all  for  a 
battery,  but  to  reserve  it  for  the  position  finder,  whose  use  and 
requirements  will  be  explained  in  a  later  section. 

Small  guns  such  as  the  6-pr.  Q.F.,  when  intended  for  firing 
at  torpedo  craft,  should  be  placed' not  more  than  60  feet  above 
the  water,  and  with  as  large  a  field  of  view  as  possible.  On  a 
height  they  can  see  best ;  at  a  low  level  the  flat  trajectory  of 
their  projectiles  will  render  a  mistake  in  the  range  of  less 
importance,  at  least  at  short  ranges. 

General  Arrangement  of  Barbette  Batteries. 

957.  Under  this  heading  the  arrangements  for  both  B.L.  and  General 
R.M.L.  guns  are  considered,  since  they  are  treated  in  a  similar  ^["ibJSS?** 
manner.    So  also  are  barbette  and  hydropneumatic  mountings.  \iMenu. 

The  leading  influences  foi-ming  the  designs  of  batteries  are.  Leading 
first,  the  great  cost  of  the  guns,  which  renders  it  necessary  to  influfinceeon 
get  as  much  work  as  possible  out  of  each  weapon,  and  secondly,  *^§"« 
the  great  power  of  the  projectiles  of  the  attack  against  vertical 
surfaces.    This  renders  protection  by  iron  extremely  costly,  and 
has  led  to  the  effort  to  obtain  the  necessary  security  by  other 
means.     These  means  have  been  found  in  the  separation  of 
the  guns  by  long  intervals  5  in  constructing  the  batteries  with 
gentle   slopes,  so  as  to  deflect  projectiles   striking  them;  in 
concealing  the  guns  and  batteries  from  view  as  far  as  possible ; 
and  sometimes  in  using  disappearing  mountings. 

958.  The  mounting  of  guns  with  lai'ge  arcs  of  fire  is  also  L«w  arcs  of 
desirable  on  another  ground  besides  economy.    It  ensures  the  fire  desirable, 
heaviest  possible  fire  being  brought  to  bear  on  an  attacking   . 
squadron  at  the  earliest  possible  moment. 

Therefore  emplacements  should  always  be  constructed  so 
that  there  may  be  no  obstacle  to  the  gun  being  fired  over  the 
largest  arc  that  can  possibly  be  required  of  it.  And  it  may  be 
noticed  that  over  water  this  arc  may  be  much  more  than  can 
be  actually  seen  irom  the  gun,  owing  to  the  use  that  can  be 
•made  of  position  finders. 

969.  The  normal  intervals  between  the  guns  of  a  battery  Interrals. 
may  be  taken  at  from  100  to  200  feet.  (See  Fl.  OCX).  These 
numbers  have  been  arrived  at  from  reasons  of  convenience, 
and  if  the  site  requires  it,  which  is  sometimes  the  case,  other 
distances  can  be  adopted.  These  long  distances  render  it 
necessary  for  tlie  enemy  to  fire  at  individual  guns  if  he  is  to 
do  any  harm  except  by  chance.  They  are  also  very  convenient 
in  designing  the  interiors  of  the  batteries ;  they  render  easier 
the  solution  of  the  problems  of  constructing  efficient  traverses 
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and  secure  magazines  and  casemates,  and  of  providing  a  good 
ammunition  service  and  sufficient  parapet  for  rifle  and  machine 
gun  fire. 

It  is  desirable  to  place  pairs  of  guns  of  the  same  calibre, 
firing  over  the  same  wetter,  near  one  another,  in  order  that  they 
may  be  conveniently  superintended  by  one  group  officer. 

It  sometimes  happens  that  guns  should  be  isolated,  in  order 
to  place  them  in  the  best  situations  for  developing  the   full 
effect  of  their  fire. 
Long  ilopes.  960.  The  formation  of  batteries  with  long  exterior  slopes 

iiinning  down  to  a  sunk  iron  fence  defended  by  fire  from  the 
parapet  is  common  to  them  and  to  land  works,  and  is  adopted 
for  the  same  reasons  in  both,  namely,  to  gain  increased  power 
of  resistance  to  projectiles,  with  lessened  visibiUty.  The  slope 
should  be,  if  possible,  1  in  7  or  1  in  8,  but  it  has  to  be  made 
steeper  sometimes  on  account  of  the  nature  of  the  ground.  lu 
this  case  the  flat  slope  at  the  top  should  be  gradually  rounded 
off  into  the  steeper  slope  below,  in  a  way  that  ^vill  leave  no 
sharp  intersection. 

As  in  the  case  of  land  works,  coast  batteries  should  have 

steep-sided  instead  of  sloping  ditches  when  the  soil  is  suitable. 

Defeniire  861.  It  is  not  always  necessaiy  to  make  coast  batteries 

arrangemenu.  gelf-defensible.     As  will  appear  later  on,  there  are  so  many 

appliancea  and  works  in  a  coast  fortress  which  are  necessarily 
unable  to  defend  themselves  against  assault  that  the  whole 
coast  line  included  in  it  must  be  carefully  guarded,  and  the 
batteries  are  thus  made  as  secure  as  the  rest.  They  may 
sometimes  have  obsti-uctions  placed  round  them  as  an  addi- 
tional precaution.  They  should,  however,  be  made  self-defen- 
sible if  they  are  in  isolated  situations,  or  if  they  occupy  positions 
in  which  they  would  form  good  points  of  support  to  the  troops 
outside. 

The  parapets  for  rifle  fire  for  the  defence  of  the  ditch,  and 
for  the  general  protection  of  the  work,  are  usually  termed  on 
the  traverses,  or  at  any  rate  between  the  guns  at  a  higher  level 
than  the  crest  of  the  emplacements.  The  latter  are  not  con- 
venient places  for  infantry,  and  by  the  adoption  of  this  aiTange- 
ment  the  superior  slope  at  those  important  points  can  be  made 
flatter  and  stronger  than  elsewhere.  The  upper  surface  of  the 
slopes  exposed  to  fire  should  be  formed  of  sand  to  a  depth  of 
from  3  to  5  feet,  on  account  of  its  power  of  deflecting  pro- 
jectiles, even  if  it  be  necessary  to  go  to  some  expense  to  get  it, 
Clay  should  never  be  used.  This  surface  will  give  some  trouble 
in  an-anging  for  concealment,  as  plants  will  not  grow  upon  it. 
A  little  loam  or  a  thin  coating  of  turf  may  be  a  necessity. 
Concealment.  962.  Anything  that  makes  it  more  difficult  to  aim  at  a 

battery  will  reduce  the  number  of  projectiles  striking  it^  and 
thus  increase  its  endurance.  For  this  purpose  care  should  be 
taken  to  have  no  distinctly  marked  objects  to  lay  on.  Making 
the  slopes  of  the  earthworks  as  gentle  as  possible,  which  is  done 
for  the  sake  of  strength,  is  usually  a  help  in  this  direction,  but 
these  long  sloping  surfaces  are  invisible  in  some  places,  and  very 
visible  in  others,  according  to  the  surroundings.     They  must^ 
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when  requisite,  be  disguised  by  irregularities  of  colour  and 
form.  The  colour  and  surface  of  a  battery  should  harmonise 
with  the  surrounding  country,  and  there  should  be  no  well- 
defined  sky-line.  All  intersections  of  slopes  should  be  well 
rounded  to  a  long  radius,  and  all  projections,  such  as  traverses, 
should  have  sides  at  a  flat  slope. 

The  final  touches  to  a  battery  must  be  given  on  the  spot ; 
it  is  a  kind  of  scene-painting  on  a  large  scale.  When  a  battery 
approaches  completion,  the  engineer  in  charge  should  take  a 
boat  and  slowly  cruise  round  it  to  study  its  points,  and  this  at 
different  times  of  the  day,  as  the  shadows  alter  with  the  sun. 
A  little  cutting  here,  or  filling  there,  a  rounding  of  slopes,  or 
planting  a  few  bushes  may  make  all  the  difference.  Every 
battery  must  be  treated  individually. 

Speaking  generally,  the  exterior  slopes  of  a  battery  should 
be  left  rough  and  untrimmed.  They  should  not  be  turfed,  but 
sown  with  the  local  grass,  weeds,  and  bushes.  Euonymus, 
tamarisk,  and  broom  are  useful  shnibs  to  plant.  Slopes  should 
never  be  mown  unless  to  harmonise  in  appearance  with  meadow 
land  surrounding  them.  Sheep  may  be  allowed  to  graze  on  them. 

The  sky  line  can  be  broken  by  intentional  irregularities,  and 
if  it  has  not  a  background,  one  can  be  given  it  by  planting 
bushes  somewhere  in  rear  of  the  crest.  Trees  will  seldom  be 
suitable ;  they  grow  slowly,  they  will  be  too  tall  eventually, 
and  they  can  burst  shells  striking  them,  and  can  give  off 
splinters.     The  guns  should  be  painted  a  suitable  colour. 

963.  On  either  side  of  an  emplacement  it  is  usually  desir-  Organisation 
able  to  revet  a  few  yards  of  the  parapet  in  order  to  form  places  ®*  rwnpait. 
for  cartridge  recesses,  for  range  dials,  for  the  exits  of  ammuni- 
tion lifts,  and  sometimes  for  the  entrances  to  the  shelters  for 
men  or  to  the  cartridge  stores.  (See  Pis.  CCVIII  and  CCIX.)  This 
revetment  should  be  kept  as  low  as  possible,  and  these  positions 
laid  out  so  as  to  be  sheltered  from  enfilade  fire.  Where  this  is 
impracticable,  or  where  large  arcs  of  fire  are  required,  the  guns 
must  be  put  in  all-round  emplacements.  These  should  be 
avoided  where  possible,  as  they  would  cause  inconvenience  to 
the  artillery  in  moving  and  mounting  g^uns  and  repairing 
carriages,  especially  imder  fire.  When  used,  the  access  would 
be  by  galleries  entering  either  at  the  rear  or  at  the  sides. 
These  would  contain  the  recesses,  and  would  form  places  for 
storing  side-arms.  The  lifts  or  serving  hatches  might  issue  in 
the  loading  recesses  at  the  back. 

On  either  side  of  the  emplacement  would  usually  be  a 
traverse.  This  will  not  occupy  the  whole  space  between  the 
guns,  but  the  centre  would  be  formed  into  a  parapet  for  rifles 
and  machine  guns. 

A  place  should  be  chosen  for  the  fighting  post  of  the 
**  Fort  Commander,"  whence  he  can  see  the  water  commanded 
by  his  guns,  and  also  be  in  a  position  to  superintend  the 
working  of  the  battery.  One  of  the  flanks  of  the  work  would 
usually  afford  a  suitable  site. 

Along  the  rear  of  a  barbette  battery  might  run  a  sunken 
way  about  7  feet  below  the  level  of  the  floor  of  the  empiace- 
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ments,  so  as  to  give  additional  Becurity  to  the  commmiications 
between  one  part  of  the  battery  and  another,  and  also  to  afford 
access  to  the  ammunition  storea 
Poaition  of  964.  Ammunition  stores  may  be  either  behind  the  guns  or  to 

J^J^*^"  oneflank,in  whicheverpositionthey  can  be  most  safely  placed  and 
economically  constructed.  This  depends  mainly  on  the  nature  of 
tlie  soil  and  on  the  form  of  the  surface  of  the  ground.  An  arrange- 
ment suited  to  a  single  gun  is  shown  in  PL  CCVIII.  In  this  case, 
the  cartridges,  bein^  light,  can  be  passed  out  through  a  hatch  on 
to  the  landing  halfway  up  the  stairs,  and  thence  on  to  the 
terreplein  levei.  The  shells  can  be  hoisted  by  a  denick  from 
the  area  at  the  foot  of  the  stah*s. 

For  a  heavy  gun  the  ammimition  may  have  to  be  served 
by  lifts.  If  there  are  two,  as  shown  in  PL  CCIX,  it  is  desirable 
to  connect  them  by  an  arched  passage  in  rear.  This  passage 
may  lead  to  the  ammunition  stores,  or  may  itself  be  made  wide 
enough  to  contain  the  j^rojectiles.  This  passage  must  be  kept 
clear  of  the  drum  carrymg  the  racer,  for  constractional  reasons. 

In  a  battery  with  two  or  more  guns  it  is  economical  in 
construction  and  convenient  in  use  to  build  the  ammxmition 
stores  between  the  guns.  In  this  case  the  service  would  be  by 
a  gallery  leading  to  the  flanks  of  the  emplacement&  If  the 
distance  between  the  guns  be  short,  this  gallery  must  end  in 
lifts ;  but  it  is  preferable,  if  the  dimensions  of  the  battery  admit 
of  it,  to  ramp  it  up  at  a  slope  not  steeper  than  1  in  7,  so  that  the 
gallery  floor  ends  at  a  level  three  feet  below  the  floor  of  the 
emplacement.  A  hatch  at  this  height  is  convenient  for  passing 
out  cartridges,  while  shell  can  be  wheeled  up  to  it  and  then 
hoisted  by  tackle,  either  attached  to  an  overhead  bolt  or  to  a 
traveller  running,  on  a  short  length  of  rail.  This  avoids  the 
complication  of  a  lift.  The  stores  should  have  an  entrance  by 
a  gallery  from  the  interior  of  the  battery,  and  this  will  serve  for 
ammunition  in  case  the  other  arrangements  are  put  out  of  order. 

When  the  flank  guns  of  a  battery  are  of  small  caUbre,  they 
can  have  their  ammunition  kept  in  the  central  store,  and  be 
provided  with  recesses  for  immediate  use.     {See  PL  OCX.) 

The  arrangements  for  the  supply  and  storage  of  ammunition 
are  among  the  most  important  and  the  most  variable  in  a  coast 
battery.  Every  attention  should  be  given  to  making  the  supply 
easy,  rapid,  and  secure,  and  every  case  must  be  considerecL  on 
its  merits.  There  can  be  no  cut-and-dried  method  of  dealing 
with  it. 
Gorge  of  a  ^  The  gorge  of  a  coast  battery  may  be  made  on  the  same 

ooMt  battery,  principles  as  that  of  a  land  fort,  though,  as  the  garrisons  are 
usualh'  smaller,  and  the  amount  of  casemated  cover  required  is 
therefore  less,  and  as  coast  batteries  are  seldom  liable  to  a  more 
serious  attack  on  the  gorge  than  an  open  assault,  the  details  are 
usually  much  simpler. 

966.  The  nature  of  a  work  such  as  results  from  the  com- 
bination of  the  details  just  described  is  illustrated  in  PI.  OCX. 

The  armament  is  one  9*2-inch  B.L.  barbette  and  three  ft-inch 
H.P. 

The  slope  of  the  parapet  is  prolonged  below  the  ground  level. 


CASEMATED        BATTERY. 


Fig.  i     Pfjzn,.  (xic) 


Ofp.  pa^  311. 


t  Cf  L<^~.l.itli.  •■,C*rUrL»<,4'n.iB.K 


POSITION  AND  ARRANGEMENT  OP  COAST  BATTERIES,        311 

the  ditch  containing  an  iron  fence,  and  being  protected  by  fire 
from  the  parapet.  The  guns  are  200  feet  apart.  The  ammu- 
nition stores  are  in  the  centre,  and  the  immediate  service  to 
the  guns  is  by  means  of  recesses,  the  charges  being  carried 
roimd  by  the  rear  of  the  emplacements.  In  a  similar  case  the 
centre  guns  might  be  served  directly  from  the  stores  by  means 
of  lifts,  or  of  ramps,  which  can  be  used  if  not  steeper  than 
1  in  7.  The  defence  of  the  gorge  is  concentrated  at  one  angle 
in  order  to  economise  men.  This  is  a  peculiarity,  sometimes 
desirable  in  an  isolated  work. 

Usually  batteries  are  symmetrical,  with  the  heavy  guns  in  the 
centre  and  the  light  ones  on  the  flaiJis,  but  this  arrangement  is 
by  no  means  universal,  as  it  is  unlikely  that  a  battery  would  be 
equally  exposed  to  attack  on  both  flanks.  The  rule  to  follow 
is  to  put  the  heavy  gun  in  the  best  place — ^there  will  seldom 
be  more  than  one  m  a  battery — and  then  to  aiTange  the  rest  so 
as  to  command  the  water  thoroughly  in  combination  with 
other  works.  In  a  battery  on  the  flank  of  a  line  of  works  this 
would  usually  lead  to  the  lighter  guns  being  placed  on  the 
outer  flank  of  the  h^avy  one.  Sometimes  the  heavy  ffuus  will 
be  on  the  flanks  and  the  lighter  ones  in  the  middle.  Each  case 
must  be  judged  on  its  merits ;  only  if  it  be  seen  in  the  design 
for  a  battery  that  one  gun  is  not  doing  so  much  as  the  rest, 
then  consider  if  it  not  ought  to  be  moved. 

In  the  battery  in  PL  OCX  it  would  be  more  convenient  for 
command  if  the  two  right-hand  guns  were  nearer  together. 
If  possible,  it  is  desirable  to  keep  batteries  to  guns  of  one 
calibre. 

967.  Batteries  for  high-angle  fire  guns,  being  arranged  to  Batterioi 
be  entirely  concealed  from  view  by  the  features  of  the  ground,  gJI^^^,^* 
do  not  require  any  special  form  of  parapet  externally.     The        ^^' 
guns  should  be  placed  near  together  in  groups  of  two  or  three. 
If  they  are  separated  by  a  traverse,  it  will  be  found  that  80  feet 
is  the  smallest  convenient  interval  {see  PI.  CCVI).     A  single 
ammunition  store  will  serve  the  whole  battery,  recesses  being 
made  near  the  guns. 

It  is  usually  necessary  to  arrange  high-angle  fire  bat- 
teries so  as  to  allow  of  large  arcs  of  fire  bein^  used  without 
danger  to  the  ammunition  stores  or  to  the  neighbouring  de- 
tachments. 


Casemate  Batteries  for  Heavy  Guns. 

968.  As  before  said,  no  casemates  for  heavy  guns  are  at  Caeematw. 
present  being  built,  but  a  large  number  exist  and  are  armed. 

Guns  on  casemate  slides  are  mounted  either  in  masonry 
casemates  with  iron  shields ;  or  behind  open  battery  shields,  as 
they  are  called,  which  may  or  may  not  have  iron  overhead 
cover ;  or  behind  a  continuous  iron  front ;  or  in  curve-fronted 
casemates  which  have  two  ports,  and  which  contain  a  turntable 
enabling  the  gun  to  be  moved  from  one  to  the  pther. 

In  rL  CCaI  is  shown  a  masonry  casemate  of  a  common 
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type.  The  shield  is  12  feet  wide  and  the  stone  piers  on  either 
Biae  of  it  the  same  width  and  14  feet  thick,  but  in  many  forts 
the  masonry  has  been  strengthened  by  removing  alternate 
guns  and  filling  in  as  much  of  the  space  as  was  possible  with 
concrete. 

The  gun  pivots  about  a  point  in  the  port.  If  an  arc  be 
struck  from  the  pivot  as  centre  with  a  radius  of  24  feet  6 
inches,  and  if  the  space  within  this  be  kept  clear  for  the  gun 
up  to  ihe  extreme  lines  of  fire  and  4  feet  beyond  them,  there 
vnli  be  floor  space  enough  for  any  gun  up  to  the  12*5  inch  of 
«88  tons. 

For  the  height,  9  feet  is  enough  and  this  is  given  when  the 
overhead  cover  is  of  iron.  In  an  arched  casemate  such  as 
that  shown  in  PL  CCXI,  a  height  of  6  feet  to  the  springing 
and  12  feet  to  the  crown  is  usual.  The  front  of  the  arcn  is 
sloped  down  to  meet  the  shield. 

lu  a  continuous  iron  front  the  masonry  is  entirely  replaced 
by  an  iron  wall. 

The  loops  shown  in  the  section  of  the  casemate  arch  in 
PI.  CCXI,  are  for  slingLng  the  gim,  for  moimting  and  dis- 
moimting. 

The  ammunition  stores  of  casemate  batteries  are  usually 
placed  underneath  them,  forming  a  series  of  chambers  corres- 
ponding with  the  casemates  above,  and  connected  by  longi- 
tudinal passages.  From  these  the  ammunition  is  raised  by  lifts 
to  the  gun-floor. 

Casemate  batteries  usually  form  enclosed  masonry  buildings, 
capable  of  independent  defence  against  assault. 

They  are  usually  very  diffictdt  to  disguise,  but  something 
may  be  done  by  pamting  them. 


Batteries  for  Q,F.  Guns. 

Batteries  for  069.  The  chief  point  to  aim  at  in  arranging  Q.F.  batteries 

mine  defeLce    when  intended  for  the  defence  of  mine  fields,  is  so  to  conceal 
^^•'  or  shelter  the  guns,  that  it  may  be  impossible  for  the  enemy  to 

put  them  out  of  action  by  fire  until  he  is  close  upon  the  mines. 

This  may  be  done  by  putting  the  guns  in  liollows  of  the 
ground,  or  behind  projecting  spurs,  or  by  forming  traverses  on 
the  exposed  side,  dipguising  the  work  by  planting. 

It  will  seldom  be  possible  to  place  the  guns  in  regularly 
formed  batteries,  as  this  would  betray  their  position.  Some- 
times when  the  guns  have  to  be  placed  at  the  foot  of  a  steep 
slope,  or  are  necessarily  in  such  a  position  that  other  guns  may 
have  to  fire  over  them,  they  may  be  mounted  in  the  little 
casemates  mentioned  in  para.  954,  which  being  so  small  are  not 
difficult  to  conceal. 

As  a  rule  the  guns  will  be  so  placed  as  not  to  command 
the  water  at  all  much  outside  the  front  line  of  minQ$.  This 
will  not  always  be  the  case  with  the  4* 7-inch  Q.F.  gun,  both 
because  of  its  power  rendering  one  reluctant  not  to  bring  it 
into  action  as  soon  as  possible,  and  also  because  it  will  usually 
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be  employed  where  there  is  a  wide  stretch  of  water  to  be  com- 
manded, and  where  concealment  from  the  outeida  will,  con- 
sequently, be  diflBfcult. 

Mine  defence  guns  should  be  placed  near  both  flanks  of  the 
line  of  mines  to  be  defended,  preferably  a  little  in  rear  of  it,  so 
that  the  projectiles  from  each  oattery  may  go  clear  away  from 
the  defenders  on  the  opposite  bank. 

They  should  be  near  the  water  level,  so  that  boats  may  not 
be  able  to  slip  past  under  them,  and  in  order  to  get  the  full 
advantage  of  the  flat  trajectories  in  bUnd  firing  at  night. 

They  will  usually  have  to  be  near  the  shore,  so  as  to  get  the 
utmost  accuracy,  and  so  as  to  be  in  the  most  advantageous 
place  for  seeing  boats  coming  in. 

They  may  be  associated  with  electric  lights,  which  must 
not  be  placed  too  near  them,  both  in  order  not  to  dazzle  the 
gunners,  and  not  to  di*aw  fire  on  the  batteries. 

The  batteries  of  cj^uick-firing  guns  intended  to  prevent  tor-  Batteries 
pedo  boats  running  mto  harbours  at  night  with  the  intention  »g*"»^  , 
of   attacking  ships    anchored  there    must    be    arranged    on  ^o'P^lo^*'- 
different    principles.      They  must    be  placed    at   the    points 
whence  the  best  view  of  the  water  can  be  obtained,  and  where 
they  can  fire  freely  without  the  risk  of  hitting  their  frienda 

Protection  for  these  guns  is  of  quite  secondary  importance, 
as  the  object  of  the  vessels  they  are  intended  to  act  against  is 
to  run  past  and  not  to  fight.  They  will  be  provided  with 
bullet-proof  shields.  They  should  be  associated  with  fixed 
electric  lights,  illuminating  the  area  of  water  to  be  defended. 


Section  6.— Details  of  Batteries. 

970.  The  information  given  in  Sections  4,  5,  and   6  of  ICaoj  details 
Chapter  IV  on  the  materials  used  for  land  defences,  and  on  ^^^^  ** 
various  details  of  their  construction,  such  as  casemates,  ammu-  defenoee. 
nition  stores,  gun  emplacements,  &c,  holds  ^ood  also  for  coast 
batteries  as  far  as  it  goes.    The  additions  will  now  be  noticed, 

which  depend  on  the  greater  size  of  the  guns  and  on  the 
different  appliances  used. 

Ammunition  Stores. 

971.  The  caiiiridges  for  coast  batterv  guns,  from  6-inch  BX.  CWtridge 
upwards,  are  kept  in  zinc  cylinders.    These  are  stored  on  end,  •*<>"•• 
and  may  be  piled  on  one  another  three  high.    For  R.M.L.  guns 

each  cylinder  usually  contains  a  whole  charge,  bat  for  breech- 
loading  guns  a  half  or  quarter  charge  only.  The  following 
table  shows  the  size  and  other  particulars  of  cartridge  cylinders 
required  in  order  to  be  able  to  arrange  a  cartridge  store  for 
any  gun : — 
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A  coast  battery  cartridge  store .  may  be  of  any  convenient 
form.  A  height  of  7  feet  6  mches  to  the  springing  of  the  arch 
is  snflScient  for  the  cylinders  of  any  gun  stored  three  high.  For 
further  particulars  see  paras.  419  to  423. 

The  projectiles  for  heavy  guns  are  all  stored  on  end  so  as  to  Shell  atores. 
be  convenient  to  handle,  otherwise  the  arrangements  for  them 
are  as  for  the  smaller  sheila     {See  para.  424.) 

In  a  large  battery  it  is  convenient  to  have  a  small  chamber  Fuze  and 
for  the  storage  of  fuzes  and  tubes.    Storage  room  at  the  rate  of  *"^  ^^rw, 
about  2  cubic  feet  per  gun  may  be  allowed  for  them. 

Lifts,  &c. 

972.  Ammunition  stores  are  usually  built  on  a  lower  level 
than  the  gun  emplacements,  in  order  to  get  sufficient  protection 
for  them.  It  is,  therefore,  usually  necessary  to  raise  the  ammu- 
nition when  it  is  required  for  use.  It  may  either  be  taken  up  a 
ramp  or  raised  vertically  by  means  of  a  lift 

A  rainp  up  which  sheU  are  to. go  should  not  be  steeper  than  Bamps. 
1  in  7.  Cfartridges  can  be  handed  over  a  height  of  3  feet.  Con- 
i^equently  for  their  service,  a  ramp  or  passage  may  end  in  a 
wall  3  feet  high,  and  the  cartridge  naving  been  canied  to  it  can 
be  deposited  at  the  higher  level.  It  is  often  convenient  to  have 
a  gallery  leading  from  the  cartridge  store  to  a  point  near  the 
gun  where  it  ends  at  a  hatch  at  this  height  above  the  floor. 
The  difference  in  level  enables  the  gallery  to  be  well  protected. 

There  are  two  types  of  lifts  now  in  the  service  which  may  Lifte. 
be  distinguished  as  the  **  circular  "  lift  and  the  *'  tray  "  lift. 

The  circular  lift  is  a  hole  1  foot  9  iaches  in  diameter,  up  Oircular  lift, 
which  the  ammunition  is  hauled.  Shell  are  raised  by  means  of 
a  wire  rope  passing  over  a  pulley  at  top  and  worked  by  a  crab 
below.  {SeePl.  CCXII.)  Cartridges  for  10-inch  R.M.L.  guns  and 
under  do  not  require  a  crab,  but  a  leading  block  for  the  rope  is 
provided  at  the  foot  of  the  lift. 

These  lifts  were  universally  used  for  the  B.M.L.  guns,  and  Tray  lift, 
are  still  suitable  for  the  smaller  natures,  including  the  6-inch 
B.L. ;  but  for  the  larger  guns  a  greater  rapidity  of  service  than 
they  can  ffive  is  necessary  on  account  of  the  number  of  pieces 
in  which  the  cartridges  are  made  up.  Also  a  less  heignt  for 
the  top  of  the  lift  is  desirable  in  order  to  get  greater  secmity. 
These  conditions  are  met  by  the  **tray"  lift  (PL  CCXIII)  m 
which  a  series  of  trays  on  an  endless  chain  are  kept  continually 
travelling  in  the  same.direction.  Thus  several  cartndge  cylinders 
may  be  moving  up  at  the  same  time.  The  chief  dimensions  for 
one  of  these  lifts  will  be  found  in  PL  CCXIII.  It  is  desirable, 
however,  to  point  out  that,  as  shown  in  the  *'  Notes  "  on  the  draw- 
ing, the  dimensions  at  the  lower  end  vary  according  to  the 
distance  from  floor  to  floor,  owing  to  conditions  dependent  on 
the  spaciQg  of  the  trays.  The  gear  for  working  the  lift  may  be 
either  right  or  left-handed,  as  may  be  most  convenient.  The 
lift  may  be  made  to  deliver  on  the  same  side  to  that  on  which 
it  receives,  or  on  the  opposite  side.  These  lifts  are  expensive, 
and  will  only  be  used  for  heavy  guns. 
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A  simpler  form  of  tray  lift  is  about  to  be  introduced  (1893). 

In  order  to  gain  increased  protection  to  the  tops  of  shell  lifts 
for  6-inch  B.L.  guns,  the  projectiles  may  be  raised  horizontally, 
beine  suspended  from  the  tackle  by  means  of  a  selvagee.  A 
lift  for  this  purpose  must  be  2  feet  3  inches  in  diameter  if 
circular,  or  3  feet  by  10  inches  if  rectangular,  and  the  top  must 
be  not  less  than  3  feet  3  inches  above  tiie  sill  of  the  delivery 
opening.  The  ordinary  tackle  will  be  used,  set  so  that  the 
shell  will  be  hung  in  the  centre  of  the  lift.  It  will  be  con- 
venient to  have  a  flap,  about  1  foot  wide,  at  the  top  of  the  lift, 
upon  which  to  lower  the  shell.  This  form  of  shell  lift  can  be 
used  for  medium  guns  generally. 

It  is  occasionally  convenient  to  hoist  ammunition  up  by  the 
rear  of  the  rampart,  or  out  of  an  area  in  front  of  a  store.  In 
that  case  a  davit  can  be  used  (see  PI.  CCXIV),  made  of  round 
iron,  pivoted,  and  having  an  overhang  of  3  feet,  and  with  an 
eye  at  the  end  to  take  the  hook  of  a  block.  It  can  be  2  inches 
in  diameter  to  lift  1^  cwt.,  but  must  be  increased  to  3^  inches  to 
lift  8  cwt.  The  latter  will  lift  all  projectiles  up  to  those  for 
the  12*5  R.M.L.  guns. 

973.  The  transport  of  stmmtmition  in  a  battery  is  arranged 
as  follows : — 

Cartridge  cylinders  are  provided  with  handles  and  can  be 
carried  either  on  the  shoulder  or  slung  from  a  bar  between  two 


men. 


Shell  are  moved  about  on  trucks  resembling  those  used  by 
railway  porters.  That  used  in  the  shell  store  has  two  wheels 
and  two  legs.  The  shell  is  taken  on  to  the  truck  in  a  vertical 
position  and  moved  about  in  a  sloping  one.  The  truck  used  on 
the  gun-floor  is  a  sloping  one,  and  has  four  wheels  so  as  to  be 
easily  moved  over  projecting  racers. 

A  paved  or  concreted  way  should  always  lead  from  the  top 
of  the  shell  lift  up  to  the  emplacement  of  the  gun  served  by  it 
for  the  truck  to  run  upon. 
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Hecesses. 

874«  Recesses  about  a  gun  emplacement  are  useful  for 
various  purposes,  and  are  of  several  forms. 

Recesses  for  cartridges  may  be  made  3  feet  9  inches  wide, 
3  feet  9  inches  deep,  and  5  feet  high.  They  would  be  closed 
■with  a  strong  wooden  door  barred  with  iron.  They  are  con- 
veniently placed  behind  the  merlon.     (See  PI.  CCIX.) 

A  recess  for  the  small  stores  belonging  to  the  gun  is  con- 
venient, but  not  necessaiy.  It  may  occui)y  a  similar  position 
to  the  cartridge  recess  and  be  of  the  same  size  or  rather  smaller, 
and  should  have  a  shelf  in  the  middle. 

Shell  recesses  have  no  doors,  and  are  usually  arranged 
round  an  emplacement  at  the  floor  level.  (aS^^  PI.  CCIX.)  Their 
dimensions  aepend  on  the  size  of  projectile  to  be  accommodated. 
A  height  of  3  feet  3  inches,  and  a  depth  of  1  foot  will  suffice  for 
the  10-inch  B.L. 

Small  recesses  shotdd  be  provided  for  keeping  tubes  and 
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fiizes  handy  to  the  gun  in  action,  at  least  two  to  each  gun. 
They  should  be  20  inches  long  and  8  inches  high  and  deep,  and 
be  4  feet  6  inches  from  the  floor. 

Several  recesses  of  this  character  may  be  provided  as  they 
are  convenient  for  depositing  various  small  articles  in  use  about 
the  gun. 

The  dial  recess  is  one  of  the  fittings  for  position-finding,  of  ^**^  reoew. 
which  more  will  be  said  in  a  later  paragraph.  It  contains  the 
dials  from  which  the  range  and  training  is  read  out  to  the  gun 
detachment,  and  is  most  conveniently  placed  in  rear  of  the 
riffht  merlon  (see  PL  CCIX),  where  the  man  reading  can  also  see 
what  is  going  on  at  the  gun.  It  may  also  contain  an  electric 
battery.  It  is  made  like  a  cupboard,  3  feet  wide,  1  foot  deep, 
and  5  feet  6  inches  high,  closed  by  a  door.    It  should,  as  far  as  js 

Sossible,  be  kept  clear  of  the  ammunition  service,  so  that  the 
ial-reader  may  not  be  interfered  with. 

Laying  Racers  and  Fixing  Pivots, 

976,  A  heavy  gun  cannot  be  easily  worked  unless  its  racers  Neoessii^  for 
are  truly  laid ;  an  error  of  a  small  fraction  of  an  inch  will  even  •ocmrmta 
stop  its  traversing  altogether.    Also,  imless  they  are  strongly  '•®*"* 
laid,  the  shock  of  firing  will  displace  them,  and  when  clip-rings 
are  used  the  stability  of  the  whole  mounting  depends  on  their 
being  firmly  held  do"wn.     A  few  observations  on  so  important  a 
subject  are,  therefore,  desirable,  although  the  question  is  purely 
an  engineering  one. 

Barbette  emplacements  for  R.M.L.  guns  have  the  racers  and  Ikying  »oeM 
pivots  separate.  (See  PI.  CCIV.)  The  pivot  is  an  iron  casting,  g^^^*^' 
It  must  be  strongly  bedded  in  concrete  and  be  vertical.  The 
racer  is  usually  a  curved  bar  of  steel,  with  a  base  flange  6  inches 
wide,  above  which  it  rises  an  inch  and  a  half.  The  racer  must 
be  truly  central  with  the  pivot ;  the  true  distance  below  its  top  ; 
and  level.  It  is  sometimes  fixed  on  stone  racer-blocks,  some- 
times on  iron  chairs.  If  the  former,  a  ring  of  large  stone 
blocks,  usually  granite,  are  laid  round  the  pivot  and  bedded  in 
concrete  at  least  3  feet  thick.  A  groove  is  cut  in  the  stone  for 
the  flange  of  the  racer.  The  latter  is  laid  in  the  groove  and 
is  carefully  tested  with  a  wooden  trammel  and  spirit  level.  (A 
trammel  is  a  wooden  frame,  pivotted ;  in  fact,  specially-made 
compasses  on  a  large  scale.)  The  racer,  if  out  of  level  any- 
where, is  packed  up  where  necessary  with  thin  bits  of  iron. 
The  slide  is  mountea  on  it,  and  traversed  round  to  see  that  it 
fits,  and  the  racer  is  finally  run  in  with  a  mixture  of  lead  and 
antimony. 

If  the  racers  are  on  iron  chairs  there  will  be  about  40  of 
them,  each  6  inches  deep.  They  will  all  be  bolted  on  to  the 
racer  and  the  concrete  bed  made  up  to  the  level  of  their  under 
surfaces.  The  combined  racer  and  chairs  will  then  be  placed, 
tested,  and  levelled  as  before,  and  finally  packed  with  concrete 
up  to  the  top  of  the  racer  flange.  This  concrete  must  be  very 
carefully  made  and  should  have  several  months  to  set  before 
the  gun  is  fired  off  it. 
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LftTiDg  TMew  The  combined  pivot  and  racer  generally  used  with  breech- 
B^L^*^*^***'  loading  guns  ia  a  much  larger  affair  than  the  racer  described 
'g^^'  above.  For  instance,  that  for  a  9-2-inch  E.O.C.  barbette 
mounting  (see  PI.  CCIII),  with  its  holding-down  bolts,  weighs 
over  10  tons.  The  exact  manner  of  fixing  varies  with  the  form 
and  dimensions,  but  the  principle  with  aU  is  the  same.  It  is  to 
put  them  together,  bolts  and  all,  to  support  the  whole  system 
m  its  true  position,  and  then  to  concrete  it  in. 

The  method  of  support  may  either  be  to  build  a  pillar 
underneath  for  the  system  to  rest  on,  or  to  place  it  on  cross 
girders,  or  to  hang  it  from  something  overhead.  The  girders 
or  BUfi^ending  chains  must,  of  course,  be  removed  before  finish- 
ing tne  concrete.  The  concrete  must  be  made  with  the 
greatest  care,  so  as  to  form  one  homogeneous  mass,  and  must 
have  some  time  to  set  before  being  used. 

A  brass  **  traversing  arc  "  is  let  into  the  floor  of  all  heavy 
gun  emplacements.  It  is  graduated  in  degrees  and  quarter- 
degrees,  so  that  by  the  aid  of  a  pointer  fixed  to  the  sude  the 
gun  can  be  directed  on  to  any  desired  bearing.  In  all  new 
batteries  the  zero  of  this  arc  should  be  the  true  north,  so  that 
it  becomes  necessary  to  lay  down  a  meridian  line  in  every 
battery,  and  to  determine  the  true  bearings  of  some  prominent 
distant  objects. 

976.  Three  or  four  strong  ring-bolts  are  fixed  round  the 
emplacement  for  convenience  in  moimting  the  gun.  They 
should  be  3  feet  or  so  above  the  floor,  and  one,  or  a  pair  near 
together,  should  be  on  the  centre  line  of  the  emplacement. 


Laying 

traTening 

arc 


Bing  bolts. 


Artillery 
store  for 
small  stores. 


Side-arm  and 
tackle  store. 


Artiller/ 
general  store.*^ 


Section  7. — ^Adjuncts  to  Batteries. 

077.  Besides  the  buildings  and  fittings  already  described, 
there  are  various  other  structures  and  appliances  required  in 
connection  with  coast  batteries. 

978.  An  "  Artillery  store  for  small  stores "  is  required  in 
each  battery  to  hold  small  removable  fittings,  such  as  sights, 
elevating  arcs,  breech-pieces,  &c. 

From  3  feet  6  inches  to  5  feet  run  is  required  per  gun, 
according  to  its  size.  Space  is  required  in  addition  for  a  work- 
bench at  which  small  repairs  can  be  made.  It  is  fitted  with  a 
continuous  bench,  shelving  and  pegs.  It  may  occupy  any  con- 
venient place  in  the  battery,  and  need  not  be  shell-proof. 

A  '*  Side-arm  and  tackle  '*  store  is  required  to  hold  sponges, 
rammei'S,  tackle,  buckets,  &c:  The  length  depends  on  the 
length  of  the  side-anns  of  the  guns  in  the  work.  Side-arms 
for  a  single  gun  are  often  kept  on  hooks  on  a  wall,  with  a  pent 
roof  over  them  to  protect  them  from  the  weather. 

In  a  small  battery  the  same  store  may  be  used  both  for 
side-arms  and  small  stores.  • 

An  "  artillery  general  store  "  is  required  in  a  large  battery,  to 
take  reserve  and  unserviceable  stores  not  immediately  required 
for  the  service  of  the  guns. 
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A  "  Lamp  Room,"  where  the  magazine  and   other  lamps  I^mp  room, 
can  be  kept  and  cleaned,  is  necessary  in  a  large  work ;  other- 
wise they  are  kept  in  the  Royal  Artillery  Store. 

979.  The  Smith's  Shop  is  intended  to  contain  a  forge,  and  Smith's  shop, 
other  articles  required  for  making  small  repairs  to  the  ordnance 

and  mountings.  It  should  therefore  be  within  a  convenient 
distimce  of  the  guns,  and  should  be  carefully  protected  from 
projectiles,  since  it  may  be  of  the  utmost  importance  to  repair 
damages  during  an  action.  The  building  should  be  about 
20  feet  by  16  feet,  and  10  feet  6  inches  high.  It  should  contain 
a  forge,  anvil,  and  grindstone,  a  bench  with  a  vice,  and  a  set  of 
fitting  tools. 

In  places  of  importance,  where  heavy  guns  are  mounted,  a  Workshop. 
Workshop  will  be  added.  It  will  be  about  12  feet  by  16  feet, 
and  10  feet  6  inches  high,  and  will  contain  a  screw-cutting 
lathe  with  6-inch  centres,  a  hand-drilling  machine,  and  a  set  c? 
VVhitworth  stocks  and  dies.  Shelving  should  be  provided  on 
the  walls  where  convenient. 

980.  Some  bombproof  cover  should  be  provided  in  every  Bombproof 
battery  that  is  likely  to  be  at  all  closely  engaged.    It  will  serve  coyer, 
various  purposes;   among  others,  that  of  a  shelter  for  the 
wounded,  and  for  men  not  actually  engaged  at  the  gun&    A 

comer  might  be  partitioned  oft  for  the  telephone,  by  which 
every  battery  should  bo  connected  with  the  officer  commanding, 
or  with  the  position-finder  station.  A  bench  under  cover  from 
the  weather,  which  might  also  be  in  the  bombproof,  is  a  »eat 
convenience  for  the  artillery  when  at  practice.  The  men  have 
often  to  stand  about  for  hours  waiting  for  the  range  to  clear,  or 
in  bad  weather. 

A  tank  should  be  provided  in  a  secure  situation  in  or  near  Tank, 
every  battery.    Water  is  required  both  for  the  guns  and  the 
men. 

Range  and  Position  Finding. 

98L  The  object  of  firing  at  a  ship  is  to  hit  it.    In  order  to  Necessity  for 
do  this  with  certiainty,  it  is  necessary  to  lay  the  gun  on  it  with  "wtnunents. 
the  elevation  due  to  the  range.    Guessing  at  uie  range  leads 
to  very  imsatisfactory  results. 

A  "  range-finder"  has  consecjuently  been  invented  for  deter-  Depnssion 
mining  the  distance  with  precision.  range-finder. 

With  this  instrument  the  distance  to  the  water-line  of  a 
floating  object  is  obtained,  by  the  measurement  of  the*  angle 
of  depression  to  it,  for  which  reason  it  is  called  a  **  Depression  " 
range-finder.  The  height  of  the  range-finder  above  the  water 
forms  the  base  of  the  right-an&^led  triangle  to  be  solved,  and 
it  should  consequently  be  placed  as  high  as  possible. 

The  instrument  is  about  the  size  of  a  small  theodolite,  and 
is.  provided  with  a  telescope.  The  ranges  are  read  ofif  without 
any  calculation  having  to  oe  made. 

In  order  to  adjust  the  range-finder  for  height  above  water-  Datum  point, 
level,  a  "  datum  jjoint"  at  a  known  range  is  required.  This  may 
bo  the  end  of  a  pier,  a  pile,  a  rock,  or  any  similar  object  always 
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washed  by  the  water.  The  best  distance  is  about  a  mile  off*, 
when  it  gives  a  good  long  base,  but  still  is  easily  seen.  Where 
there  is  not  much  tide,  one  datum  point  visible  from  each 
instrument  is  sufficient  to  check  it  by,  but  if  there  is  a  con- 
siderable rise  and  fall,  each  instrument  should  see  two,  one 
on  either  flank,  as  it  will  be  necessary  to  set  it  occasionally^ 
during  an  action, 

'*  Depression  range-finders"  maybe  used  on  sites  as  low  as 
30  feet  above  the  water,  but  at  low  levels  they  require  con- 
siderable skill  to  use  them  efficiently,  and  to  get  good  results. 

In  choosing  sites  for  one,  alternative  positions  should  be 
selected  on  both  flanks  of  a  battery,  so  as  to  be  able  to  avoid 
the  smoke.  A  fair  field  of  view  is  of  course  necessary,  and  as 
much  security  as  is  possible.  The  emplacement  for  it  consists 
of  a  pit  6  feet  in  diameter,  in  which  is  built  a  brick  or  concrete 
pillar,  4  feet  4  inches  high  and  1  foot  across,  about  18  inches 
clear  of  the  side  of  the  pit.  On  the  top  of  this  pillar  is  fixed  a 
small  brass  stand,  to  take  the  levelling  screws  of  the  instrument. 
The  ranges  will  be  transmitted  to  the  g^n  electrically. 

As  the  range-finder  determines  ranges  from  itself,  not  fi'om 
the  gim,  it  should  not  be  too  far  from  the  latter,  both  in  order 
that  the  correction  for  displacement  necessary  to  be  made  in  con- 
seouence  may  not  be  large,  and  also  that  there  may  be  no 
dimculty  in  pointing  out  the  object  to  be  fired  at  both  to  the 
gun  and  to  tne  range-finder. 

982.  There  are,  however,  cases  in  which  the  simple  cange- 
finder  is  useless.  These  are : — when  the  view  from  the  gun  is 
obscured  by  smoke  or  otherwise,  so  that  it  cannot  be  laid  on 
the  target ;  when  the  vessel  to  be  fired  at  is  at  a  long  range 
and  moving,  so  that  the  gun  has  to  be  laid  some  distance  ahead 
of  her;  when  the  gi'ound  in  and  near  the  battery  is  under 
'60  feet  above  the  water.  It  is  to  be  noted  that  the  view  from 
a  battery  may  be  obscured  while  the  water  may  be  visible  all 
the  time  from  a  point  in  the  neighbourhood,  either  at  a  lower 
or  higher  elevation,  but  too  far  off  for  a  range-finder  to  be 
conveniently  worked.  Also,  that  it  is  difficult  to  lay  a  gun 
over  the  sights  when  it  is  mounted  in  a  casemate,  and  impossible 
to  do  so  wnen  it  is  airanged  for  high-angle  fire  only. 

B83.  To  meet  these  cases  the  "  position-finder  "  is  used.  This 
instrument  not  only  determines  the  range,  but  also  the  bearing 
of  the  object,  and  automatically  corrects  tliis  for  the  position 
of  the  gun  served  by  it.  The  information  is  transmitted 
electrically  in  the  act  of  observing,  so  that  the  gun  detach- 
ment is  kept  constantly  informed  of  the  training  and  elevation 
to  be  given. 

It  is  also  provided  with  an  appliance  which  facilitates  the 
determination  of  the  point  aheaa  of  a  moving  vessel  at  which 
the  gun  must  be  laid,  and  the  moment  at  which  it  must  be  fired, 
in  order  to  strike  her  as  she  comes  up  to  the  point. 

The  position-Jinder  is  a  development  of  the  range-finder,  and 
for  elevated  sites  it  works  with  the  same  base ;  namely,  the 
height  above  the  water,  and  requires  to  be  checked  by  means 
of  a  datum  point  in  the  same  way.    For  low  levels  an  addition 
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is  made  to  it,  enabling  it  to  work  with  a  horizontal  base.  This, 
of  course,  involves  an  observer  with  a  "  transmitting  '*  instru- 
ment at  the  distant  end  of  the  base,  connected  electrically  with 
the  "  receiving"  instrument. 

984*  The    depression    position-finder  consists  of  a  semi«  Description 
circular  base  plate  carrying  a  powerful  telescope  pivotted  at  **'  *^  inatru- 
the  centre  of  the  semicircle,  and  other  fittings. 

The  base  plate  for  the  instrument  used  for  long  range  gims 
is  3  feet  6  inches  in  radius,  and  weighs  17  cwt.  The  rest  of 
the  instrument  is  also  very  massively  constructed,  as  it  is 
absolutely  necessary  to  avoid  any  flexure  or  distortion  of  the 
parts.  Iwo  operators  are  required;  one  to  observe  through 
the  telescope,  the  other  to  do  tne  "  predicting ''  when  firing  at 
a  moving  object. 

The  observer  is  also  provided  with  a  firing  key,  with  which 
he  can  fire  the  gun  electrically  at  the  proper  moment. 

The  "receiving"  instrument  for  a  horizontal  base,  with  the  "RcoeiTing* 
exception  of  a  small  additional  fitting,  is  the  same  as  a  depres-  iMtrument 
sion  mstrument  and  can  be  used  in  the  same  way,  as  far  as  its 
height  above  the  water  will  admit. 

The  "  transmitting ''  instrument  is  a  telescope  mounted  on  <<  Transmit- 
a  box  about  1  foot  f>quare,  which  contains  the  mechanism.  **^8"  instru- 

The  fittings  in  the  battery  consist  of  a  pair  of  dials,  one  of  ^f*J ' 
which  shows  " range,"  and  the  other  '*  training";  of  a  '* firing 
key,"  combined  with  the  dials,  which  works  cei-tain  signals  and 
cuts  off  the  firing  current  from  the  guns  of  a  group  (see 
below) ;  and  of  a  *'  firing  plug,"  which  is  for  the  purpose  of  Firing  plug, 
enabling  an  individual  gun  to  be  thrown  in  or  out  of  connection 
with  the  firing  wire,  and  which  should  be  kept  separate  from 
the  dials ;  also  of  some  electric  firing  batteries.  For  the 
position  of  the  dials,  see  para.  974. 

The  firing  plug  is  a  small  article ;  it  is  often  placed  in  a 
recess  in  the  drum. 

In  order  to  place  the  gun  according  to  the  indications  of 
the  position-finder,  it  is  provided  with  a  graduated  "  traversing  Qraduttea 
arc,"  as  described  in  para.  975,  and  also  a  graduated  elevating  *'^* 
arc  on  the  carriage. 

Each  transmitting  instrument  is  connected  with  the  receiving  Electric 
by  five  conducting  wires,  usually  made  up  into  a  single  insu-  ^"^^' 
lated  cable.    Three  of  these  wires  are  for  the  instrumental 
connection,  two  for  a  telephone. 

Each  depression  or  receiving  instrument  is  connected  with 
the  dials  and  firing  key  by  seven  wires,  usually  made  up  into  an 
insulated  cable.  Four  of  tiiese  wires  are  instrumental,  two  for 
fixing  and  signalling,  and  one  spare.  Two  firing  "wires  are  taken 
oa  from  the  firing  key,  through  the  firing  plug  to  the  gun. 

In  addition,  each  iBattery  has  a  telephone  Une  to  the  depres* 
sion  or  receiving  instruments  that  serve  it. 

In  order  to  suit  the  requirements  of  position-finding,  the  Guns  org^n- 
guns  in  battery  are  organised  in  "groups"  of  one  or  more.  "«dingw>ttpt 
It  is  desirable  that  these  groups  should  not  be  more  than  100 
feet  long.    Each  is  controlled  by  one  position-finder  and  the 
guns  in  it  fire  on  parallel  lines.    In  old  works  there  may  be 
(8250)  T 


so  COAST  DEFSNOE. 

j»  manj  as  fanr  gnm  iu  a  group.    In  ixLodem  works  tiiej  ape 
often  eingle. 
**  OeUs"  for  085.  Position-finder  instmmeutBare  placed  in  small  builJmn 

gS^'  termed  "cells.''  (S«6  PL  CCXV.)  The  cell  for  a  depression  ia- 
fitniment  is  8  feet  6  inches  wide,  and  10  feet  long  intemallyy 
wiih  a  light  steel  roof.  The  instrument  stands  on  three  piUais. 
Under  the  roof  is  a  Jong  opening  giving  an  arc  of  view  of 
180  degrees. 

The  horizontal  transmitting  instrnment  is  provided  with  a 
much  smaller  cell,  only  4  feet  wide. 

These  cells  depend  for  their  security  entirely  on  conceal- 
ment. They  are,  therefore,  sometimes  partly  sonk  in  the 
ground,  or  are  screened  by  a  bank  or  by  shrubs,  or  in  other 
ways  made  to  assimilate  in  appearance  to  their  surroundings. 

It  is  desirable  to  place  them  at  intervals  of  about  oO  feet 
apart,  but  they  may  have  to  be  much  closer,  even  touching. 

With  several  cells  in  a  row,  at  intervals  of  50  feet,  the 
maximum  horizontal  arcs  of  view  will  be  about  165  degrees. 

The  cells  for  one  fort,  when  near  one    another,  form   a 
"  group,"    and    any  separate  collection    of  cells  is  called  a 
**  station.'*     A  station  may  include  one  or  more  groups. 
Joints  to  be  986.  The  following  are  some  of  the  main  points  to  be  kept 

attended  to     in  view  in  laying  out  a  position-finder  system. 
»P.i\!flyBt«n.        Each  instrument  should,  if  possible,  see  all  the  water  com- 
*  manded  by  the  group   of  guns  it  serves  beyond  a  range  of 
600  yards  from  the  gun. 

Depression  instruments  should  be  as  high  up  as  possible,  so 
long  as  they  are  not  Uable  to  be  obscured  by  mist.  They  should 
be  300  feet  high  to  be  trustworthy  up  to  a  range  of  10,000 
yards  with  H.A.  fire  guns. 

It  is  very  desirable  to  keep  depression  and  receiving  instra- 
ments  within  500  yards  of  the  guns  they  serve. 

2,000  yards  is  a  good  length  for  a  horizontal  base. 

An  effective  base  of  1,200  yards  is  required  to  read  ranges 
up  to  10,000  yards  with  the  present  pattern  of  horizontal 
instrument ;  but  a  *'  short  base ''  instrument  will  probably  be 
introduced.  The  effective  base  is  the  perpendicular  let  fall 
from  the  receiving  instrument  on  the  line  of  eight  of  the  tcans«> 
mitting  instrument. 

It  is  desirable  that  the  line  at  right  angles  to  the  centre 
line  of  a  receiving  instniment  should  be  directed  so  that  the 
position  of  the  transmitting  instrument  may  fall  in  front  of 
it>  for  reasons  connected  with  the  construction  of  the  receiver. 

It  is  not  necessary  for  the  depression  and  receiving  instru- 
ments to  see  one  another. 


Electric  LigMs  for  Artillery^ 

SSti^  887*  In  order  to  be  able  io! lay  guns  on  ships  or  torpedo 

^tuwof        boats  endeavouring  to  attack  or  to  run  past  batteries  at  nighti 
lights.  it  is  necessary  to  li^^ht  then!   up.     This   can  be   done  witK 


Depression  F^sition  Finder  Cell. 


Section  A.B. 


-  ~  is!s&ssaSBmiiim 


ADJUNCTS  TO  BATTERIES.  323 

powerful  electrio  lights.  These  may  be  taken  to  have  an 
effective  range  of  2,000  yards,  but  they  are  materially  affected 
by  the  state  of  the  atmosphere.  These  lights  are  concentrated 
beams  thi'own  forward  from  a  reflector.  It  is,  consequently, 
desirable  to  have  them  placed  as  low  down  as  possible,  or  a 
boat  may  pass  underneath  the  beam  undetected.  * 

The  beams  may  be  either  fixed  or  movable.  Their  aiTange-  Airangement 
ment  will  depend  on  whether  they  are  intended  to  be  used  o^lig^**- 
against  ships  wishing  to  fight  or  operate  under  fire  or  endeavour- 
ing to  run  past.  In  all  cases  it  is  advisable,  whenever  the 
local  conditions  admit  of  it,  to  have  a  fixed  beam  as  near  as 
possible  to  the  entrance  of  the  channel,  so  that  warning  may  be 
given  of  anything  passing  through  it. 

Within  this  may  be  movable  search  lights  covering  the 
water  in  which  the  enemy  might  manoeuvre.  The  first  light 
should  be  witliin  1,000  yards  of  the  fixed  beam,  and  any  others 
at  intervals  not  exceeding  4,000  yards. 

The  number  of  lights  required  depends  on  the  number  of  Number  rf 
fihips  whose  attack  it  is  thought  desirable  to  guard  against,  and  ^^^^*?, 
on  the  number  and  position  of  the  guns  of  the  defence.     It  is  ^^ 
evident  that  one  light  can  only  illuminate  one  ship  at  a  time. 
If,  however,  this  enables  a  large  number  of  guns  to  be  con- 
centrated on  her,  she  may  be  sufficiently  battered  to  allow  of 
the   light   being  soon   turned  on  to  another,  to   be   disposed 
of  in  the   same  way.      If,   however,   the   guns   are   few   and 
far  apart,  it  would  be  necessary  to  keep  the  vessel  under  fire 
for  a  longer  time,  and  more  lights  may  be  required.     A  light 
should  not  be  near  a  battery,  as  it  is  likely  to  draw  fire  on 
the  latter. 

This  arrangement  of  lights  may  be  required  in  the  case  of 
the  outer  anchorage  at  the  entrance  to  a  harbour,  where  ships 
are  examined. 

988.  For    intercepting    vessels    attempting    to    run   past  Lights 
batteries   at  full   speed,   it  is  difficult  to  manoeuvre  movable  agaiJist  ^fs- 
lights  with  sufficient  rapidity.     It    is    therefore    necessary  to  p*^t.^"^^°* 
provide,  fixed   beams  across   the   channel   so   as   to   light    it 

up  permanently.  Lenses  dispersing  the  beam  at  various  angles 
up  to  about  30  degi-ees  may  be  used.  They  will  be  efficient 
up  to  a  distance  of  2,000  yards  in  feir  weather. 

There  should  .be  an  illuminated  area  in  fi-ont  of  any  line  of 
obstructions.  Lights  may  be  desirably  mounted  in  pairs ;  the 
outer  one  fiixed,  the  inner  one  movable. 

This  arrangement  would  be  required  in  the  case  of  the 
entrance  to  the  inner  from  the  outer  anchorage  in  a  harbour. 

989.  The  electric  light  projector  may  be  mounted  to  show  ^^^^^'/?' 
over  a  parapet  below  which  it  can  be  lowered  if  it  be  desired  to  lig^t.**^  "^ 
secure  it  against  projectiles. 

If  a  light  is  likely  to  be  much  exposed  to  fire,  the  projector 
can  be  kept  under  cover  and  the  light  reflected  from  a  mirror 
which  is  alone  visible.  This,  however,  materially  reduces  the 
amount  of  light,  and  cannot  be  used  for  long  ranges.  . 

The  projector  for  a  fixed  beam  may  be  placed  so  that  tlio 
•light  n^ay  .ehine  down  a  tunnel,  which  will  make  it  very  sec^l•^. 
(8260)  Y  2  ' 
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The  engines  and  dynamos  for  producing  the  electric  li^ht 
mnfit  not  be  far  off  on  account  of  the  loss  of  power  due  to  the 
resistance  of  long  cables;  and  they  should  be  in  perfect 
security  from  projectiles.  They  may  be  taken  as  requiiing  a 
room  36  feet  by  16  feet,  and  at  least  9  feet  high,  with  a  coal 
store  in  addition. 

A  movable  electric  light  will  be  directed  from  the  station 
of  an  Art.  Sub-Sec.  Commander  by  electric  dial  and  telephone. 
{See  para.  1008  et  seq,) 


Section  8. — ^Submabine  Mines  and  Obstructions. 

Submarine  Mines. 

990.  A  submarine  mine  consists  of  a  case,  containing  some 
explosive  substance,  anchored  beneath  the  surface  of  the  water  ; 
the  firing  of  this  charge  is  calculated  to  injure  any  vessel  in  its 
vicinity. 

Submarine    mines   are  used  to   assist  in  the   defence    of 
harbours,  rivei's,  and  anchorages.    No  fleet  would  attempt  to 
pass  over  waters  known   to  be  mined  without  making  an 
attempt  to  clear  the  mines  away,  an  operation  which  takes 
time. 

Submarine  mines  were  uaed  on  a  small  scale  by  the  Bufisians 
in  1854  for  the  protection  of  the  Baltic  ports,  but  their  reeent 
rapid  development  is  due  to  the  American  Civil  War.  The 
Bnasians  used  charges  of  8  or  9  lbs. ;  such  charges,  however,  are 
far  too  small  to  be  of  any  value  against  ships ;  the  Confederates, 
with  better  modes  of  ignition,  used  much  larger  charges,  and  in 
the  course  of  the  war  no  less  than  30  Federal  ships  were  destrojed 
by  their  mines.  Since  that  time  European  nations  have  activ^y 
experimented  with  torpedoes,  offensive  and  defensive,  and  sub- 
marine mining  has  become  a  large  and  intricate  subject,  of  which 
only  a  slight  outline  can  be  given  here. 

9BL  Submarine  mines  may  be  divided  into  the  following^ 
classes : — 


\ 


1)  Controlled. 

2)  Mechanical  or  uncontrolled. 


(1)  Controlled  mines.  In  the  British  Service  these  are  bXL 
electrical  mines:  that  is,  the  mines  are  fired  by  an  electric 
current  from  a  station  on  shore^  to  which  they  are  connected 
by  a  metalUc  conductor. 

They  are  divided  into  two  classes : — 


a^  Contact  mines. 
b)  Observation  mines* 


OoDtaot 


Contact  mines  cannot  be  fired  until  they  have  been  struck 
by  some  passing  vessel ;  an  apparatus  placed  in  the  mine  then 
causes  an  electric  bell  to  ring  at  the  fixing  station  on  shore ; 
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the  operator  in  charge  of  the  battery  which  suppUes  the  firing 
electric  cun-ent  has  it  then  in  his  power — 

(a)  To  allow  the  mine  to  be  fired  at  once,  automatically. 

(b)  To  delay  the  firing  until  he  thinks  fit. 

(c)  To  cause  the  mine  to  resume  its  old  condition,  as  if  it 

had  never  been  struck ;  as  he  would  d©,  were  the  blow 
given  by  a  friendly  vessel. 

Wave  action  is  not  sufficient  to  make  the  mine  "  signal,"  as 
the  rin^g  of  the  bell  is  called ;  and  the  mines  are  placed  at 
such  distances  apart,  as  will  prevent  the  explosion  of  one 
affecting  the  others. 

In  the  case  of  observation  mines,  their  position  is  accurately  Observation 
noted  at  the  time  it  is  laid,  generally  by  means  of  the  Watkin  nunw. 
depression  position-finder ;   the  mine  is  fired  from  shore  by  an 
observer,  when  a  hostile  vessel  is  seen  to  be  sufficiently  close 
to  it  to  be  seriously  damaged  by  its  explosion. 

Both  principles,  observation  and  contact,  may  be  combined 
in  one  mine,  but  practically  it  has  been  found  inconvenient  to 
do  so. 

992.  (2)  Mechanical  mines  are  all  contact  mines  and  must  Mechanical 
be  struck  before  they  will  fire ;  they  contain  their  own  means  in™8. 
of  ignition  and  require  no  attention.  The  requirements  of  a 
perfect  mechanical  mine  are  that  it  should  admit  of  bein^  laid 
and  picked  up  with  safety ;  that  it  shoidd  become  automatically 
harmless,  should  it  break  away  from  its  moorings  and  get 
adrift;  and  that  it  should  be  sure  in  action.  No  mine  that  has 
been  invented^ulfils  these  conditions. 

Mechanical  mines  were  much  used  by  the  Confederates  in 
the  American  Civil  War,  as  the  electric  controlled  mine  was 
then  imperfectly  developed. 

Mechanical  mines,  containing  an  electrical  firing  battery  and  a 
circuit  to  be  closed  by  the  contact  of  a  vessel,  were  saocesafully 
used  b^  the  Russians  on  the  Danube  in  1878.  Another  system, 
by  which  several  mechanical  mines  were  connected  by  cables  with 
an  electric  firing  battery,  sunk  in  a  watertight  box  at  some 
distance  from  the  shore,  was  employed  hj  the  Prussians  in  1870. 

Fiff.  1,  PL  CCXYI,  shows  a  detonatmg  fuze  invented  by  the 
Confederate  General  Raines,  and  found  to  act  well.  The  fuse-head 
(a)  contains  a  composition  of  chlorate  of  potash  (60  per  cent), 
sulphide  of  antimony  (30  per  cent.),  and  pulverised  glass  (20  per 
cent),  which  explodes  under  a  veiy  light  blow.  It  is  protected 
from  the  water  by  a  thin  copper  plate  (6),  and  above  this  is  a  safety 
{^rd  (c),  which  is  unscrewed  and  taken  awav  when  the  torpedo 
IS  placed  in  position.  In  other  cases,  various  forms  of  pereuadon 
locK  were  used.  Fig.  2  shows  a  chemical  fuze  used  by  the  Con- 
federates. Two  glass  vials  (a  and  b),  containing  respectively 
ehlorate  of  potash  and  sulphuric  acid,  are  placed  to^ataer  in  a 
leaden  tube  (c),  the  bottom  of  which  is  perforated,  ana  cont&ins  a 
quick  burning  composition  (d).  The  leaden  tube  will  be  bent  by 
any  vessel  striking  it,  the  vials  will  be  broken,  and  the  mixture 
of  the  sulphuric  add  with  the  chlorate  of  potash  will  ignite  the 
oompoeition* 

Mecbanical  mines  are  not  at  present  used  in  the  defence  of 
British  ports,  but  it  is  possible  that  they  might  be  extemporised 
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Dummy 
mines. 


ICine  cases. 


Charges. 


Frimor. 


Deionaior, 


in  war  time  to  deny  to  an  enemj  harboars  and  channels  which 
were  not  required  for  nae  by  our  own  flhip& 

In  the  Franco-Prussian  War  the  Germans  lost  several 
merchaiit  ships,  and,  eventually,  in  picking  up»  15  men  firom 
their  own  mechanical  mines. 

993.  Dummy  mines  are  used  to  mislead  the  enemy  and  to 
give  him  additional  work  to  do  in  clearing  a  channel,  since  he 
cannot  tell  whether  a  mine  is  dummy  or  not  imtil  he  has  picked 
it  up. 

The  Confederates  made  large  use  of  dummies,  not  only 
having  dummy  mines,  but  also  sham  firing  stations  and  false 
wires;  and  they  observed  the  strictest  secrecy  as  to  the 
positions  of  their  true  mines. 

The  French  Fleet  spent  two  days  dragging  the  Kimpai  Pass, 
after  the  bombardment  of  Foochow  Arsenal,  before  descending 
the  river,  as  there  was  a  rumour  that  submarine  mines  haa 
been  laid ;  actually  only  a  few  fishermen's  buoys  had  been  put 
down. 

A  judicious  mixtm'e  of  dummy  and  live  mines  in  advance  of 
the  real  defence  will  cause  the  enemy  to  commence  his  attack 
of  the  mine-field  further  out,  as  will  be  described  later. 
Dummy  mines  can  be  cheaply  and  easily  prepared.  Care  must 
be  taken  to  make  them  appear  as  much  like  live  mines  as 
possible. 

994.  Mine  cases  are  made  of  thin  plates  of  wi*ought  iron  or 
steel,  and  are  cylindrical,  spherical,  or  pear-shaped  in  form. 

Ground  mine  cases  are  designed  to  rest  on  the  bottom  and 
are  lined  with  cement  so  as  to  render  them  sufficiently  heavy  to  , 
maintain  their  positions. 

There  are  cEfFerent  patterns  of  mine  cases;  one  which  may 
be  taken  as  un  example  is  a  500  lb.  cylindrical  case,  which  ia 
3  feet  6  inches  long,  and  2  feet  4^  inches  in  diameter.  (See 
PL  CCXVII,  Fig.  2.) 

Buoyant  mine  cases  have  sufficient  buoyancy  to  enable  them 
when  loaded  to  float  as  near  the  surface  as  their  mooring  lines 
will  allow  them,  the  other  end  of  the  mooring  hue  being  attached 
to  a  weight  called  the  **  sinker." 

The  500  lb.  spherical  buoyant  mine  is  48  inches  in  diameter, 
and  the  100  lb.  spherical  electro-contact  mine  is  39  inches  in 
diameter.     (See  PI.  CCXVII,  Fig.  1.) 

995i.  The  explosive  used  in  all  Service  mines  is  guncotton, 
the  weights  employed  are  50  Ibo.,  100  lb6.,'250  lbs.,  500  lbs.  and 
600  lbs. 

The  greater  part  of  the  charge  is  "  wet  guncotton  "  con- 
taining 20  per  cent,  of  water,  it  is  safer  to  handle  in  this 
condition  and  when  fired  haa  a  slightly  greater  effect  than  dry 
cotton. 

To  ensure  the  ignition  of  the  charge  a  "primer"  of  either 
2  J  or  4 J  lbs.  of  dry  guncotton  is  employed. 

The  primer  itself  is  fired  by  two  electric  low  tension 
detonators. 

The  principal  part  of  this  detonator  is  an  hidio-platmum 
wire  fuze.     The  wire  forms  a  bridge  round  which  is  a  mixture 
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of  gnncottoa  and  powder  communicating  "with  a  tube  contain- 
ing 12  grains  of  fulminate  of  mercury. 

When  an  electric  current  of  sufficient  power  is  applied,  the 
platinum  wire  is  fused  and  ignites  the  guncotton  and  powder 
mixture,  this  fires  the  fulminate  and  the  effect  is  passed  on  to 
the  dry  primer  and  thence  to  the  wet  charge. 

The  dry  primer  and  the  detonators,  together  with  the 
electiical  instrument,  called  a  relay,,  used  for  testing  the  mind 
to  see  whether  it  is  serviceable  and  for  signalling  when  the 
mine  is  struck,  are  contained  in  a  metal  ^'  envelope/'  the  base 
of  which  acts  as  a  water-tight  door  to  the  mine  case.  This 
envelope  with  its  contents  is  spoken  of  as  the  **  apparatus." 

Ground  mine  cases  are  completely  filled  with  wet  guncotton 
packed  round  the  "  primer."  Buoyant  cases  have  a  deck  on 
which  is  fixed  a  wooden  box  for  the  charge,  into  which  the 
appai*atus  fits. 

996.  Each  mine   or  group  of  mines  is  connected  to  the  sieotrie 
shore  by  an  electric  cable.  cables. 

This  cable  consists  of  a  copper  conductor  sun-ounded  by 
some  good  insulating  material,  generally  india  rubber.  To 
prevent  mechanical  injury  the  cable  is  further  protected  by 
strong  iron  wires,  coiled  round  the  iniRdation  and  called  the 
armouring. 

For  S.M.  purposes  no  return  wire  is  used,  advantage  is 
taken  of  water  being  a  good  conductor  and  the  line  put  to 
earth  at  both  ends. 

The  fact  of  water  being  a  conductor  renders  any  fault  in 
the  insulating  material  of  the  cable  a  serious  defect* 

Several  conductors  or  **  cores "  are  often  for  convenience 
enclosed  in  the  same  cable  ;  there  are  in  the  S.M.  service :— ' 

Single  core  armoured  cable  about  |-inch  external  diameter. 
r4-core  armoured  cable  about  l^-inch  external 

Mnlt'  1       J       diameter. 

^P  ®    i  7-core  armoured  cable  about  IJ-inch  external 
(^     diameter. 

r 

The  last  two  are  generally  laid  from  the  shore  to  the  neigh- 
bourhood of  the  mines.  The  joint  between  the  midtiple  cable 
and  the  single  core  cables  attached  to  the  mines  jb  made  by  a 
"junction  box." 

This  junction  box  consistB  of  a  cast-iron  box  with  gripping  Jimction  box« 
hooks  by  which  the  cabl^  are  secured,  and  a  wroughtriron  ]m 
to  protect  the  electric  joints  made  in  the  box. 

To  economise  cable  each  group  of  four  contact  mines  has 
but  a  single  core  to  connect  it  to  tne  shore.  In  this  case  the 
ordinary  junction  box  is  replaced  by  a  disconnecting  junction 
box  and  contains  a  disconnecting  fuze  for  each  mine ;  when  the 
mine  is  fired,  this  i'uze  fires  also  and  prevents  the  bare  end  of  ■  r 

ihe  mine  cable  making  earth. 

997.  Various  methods  have  been  devised  for  ascertaining  liring  eleo- 
jrheti  a  vessel  is  oyer  an  observation  mine.  The  following  is  tarioal  mines 
a  method  sometimes  used  and  termed  the  method  of  ''cross  ^om^"^ 
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intersectiona."  Two  points  of  observation  are  used,  so  as  to 
obtiiin  croBB-bearings  to  determine  the  position  of  a  vessel.  It 
is  (kmvenient  to  have  one  station  (as  a,  PL  CCXVJII)  in  the 
prolongation  of  a  line  of  mines,  and  to  place  here  the  electric 
firing  battery,  and  connect  it  by  a  wire  with  the  other  station 
fc,  to  which  the  several  cables  have  been  brought.  At  eacli 
station  there  is  a  telescope  provided  with  cro^s  wires,  and  when 
the  mines  are  first  placed  in  position  the  telef.copes  are  directed 
on  them  and  a  contact  point  fixed  for  each  mine  so  as  to  be 
immediately  under  a  firing-key  attached  to  the  telescope. 
"Where  there  are  several  mines  in  one  line  as  at  a,  one  contact 
point  will  sei*ve  for  the  whole.  Observers  at  the  two  stations 
would  follow  with  their  telescopes  the  movements  of  a  hostile 
vessel,  and  as  soon  as  the  observer  at  b  found  her  to  be  in  the 
line  of  one  of  the  mines,  as  at  «  or  «',  he  would  put  down  his 
kej  and  bridge  over  one  break  in  the  circuit  for  that  mine  ;  but 
this  would  not  fire  the  mine  unless,  as  at  «,  the  observer  at  a 
simultaneously  found  the  ship  in  the  line  of  mines,  and  bridged 
the  second  break  in  the  circuit.  If  a  ship  is  passing  between 
J;wo  mines,  the  observer  at  b  must  judge  whether  she  is  within 
the  radius  of  explosion  of  either  of  them  ;  if  she  id  not,  though 
the  key  will  be  down  at  a,  the  circuit  will  remain  broken  at  b. 
If  the  second  station,  instead  of  being  at  a,  has  to  be  placed  at 
some  point  a'  which  is  not  in  the  line  of  the  mines,  there  must 
be  separate  contact  points  at  a'  for  the  several  mines,  and 
separate  wires  from  a  to  i. 

When  a  secure  position,  at  a  height  above  the  water  of 
30  feet  or  more,  can  oe  obtained  on  shore  in  the  neighbourhood 
of  the  mines,  the  depression  position-finder  can  be  used.  This 
method  requires  only  one  observer.  The  instrument  consists 
in  the  main  of  a  telescope  connected  with  a  pointer  which 
moves  over  a  plane  table  on  which  the  positions  of  the  mines 
are  represented  on  a  chart  by  small  metal  studs.  The  mechanical 
and  electrical  arrangement  is  such  that  in  the  event  of  any 
vessel  (at  the  waterline  of  which  the  telescope  is  kept  constantly 
directed)  passing  over  a  mine,  the  latter  is  at  once  fired. 

SajingoQt.  998.  Submarine  mines  are  laid  out  from  small  steamers. 

The  mine  is  first  loaded,  primed,  and  made  water-tight :  this 
would  be  done  in  advance  on  land.  It  is  then  "  connected  up," 
that  is  the  cable,  mooring  line,  and  tripping  chain  of  the  moor- 
ing weight  are  attached  to  it  and  to  the  mooring  weight  if  a 
special  one  is  to  be  used.  It  is  then  ^^  slung  "  by  a  crane  on 
the  pier  or  wharf  to  the  side  of  the  steamer.  The  steamer 
with  several  mines  on  board  goes  out  to  the  mine-field  and 
drops  each  mine  in  its  correct  position,  which  is  ascertained  by 
depression  position-finder,  by  sextant,  by  cross  bearings,  or  by 
both.  The  cable  is  paid  out  and  the  end  taken  to  a  junction 
box. 

Xijiag  out  If  ft  defence  is  kept  properly  prepared  and  the  mine-field  is 

not  far  distant*,  26  mines  per  laying-out  steamer  per  day  of 
10  hours  may  be  taken  as  the  average  time  of  laying  out. 

To  prevent  the  enemy  grappling  up  the  mine  cables  a  large 


i'( .  caxL 


OBSERVATION    MfNES. 


f' 


'i 


,1' 


.'■!■ 


'I  .     ■      \  V       V         ^         '  '       /.      ? 


J  .>    >  ■ 

V.         ' 

w.  '  •  ' 
!'.'■■ 

fi  ■ 
^\, 

ij'' 


\  •  ! 


,"  if 


'. .? 


/ 


/ 


/ 


/ 


/ 


/ 


/ 


Oa' 


y 


•*    •-' 


cpp.pfjffi'^nH 


juddft  C^  L'^Uth   6 3, Carter  Ufic.DoetoV Common* 


-f  /  /  ?  -2  A 


i 


SUBMARINE  MINES  AND  OBSTRUCTIONS.  32i» 

quantity  oi  old  cable  and  chain  should  be  strewn  about  so  that 
his  time  may  be  spent  to  no  purpose. 

999.  The  main    mine   defence  will  occupy  the   passage  General 
between  the  outer  anchorage,  or  examining  ground,  and  the  »™ngement 
inner  anchorage.  l^^^^^;^ 

It  will  be  composed  chiefly  of  contact  mines.  These  will 
usually  be  arranged  on  either  flank  of  a  passage  called  a 
"friendly  channel,"  which  will  be  defended  by  observation 
mines  only.  Together  with  the  larger  mines  tliere  will  be 
mines  containing  small  charges  called  '^boat  mines,"  to  act 
against  torpedo  boats  drawing  little  water. 

Sometimes  there  will  be  an  advanced  defence  of  a  few 
scattered  mines  mixed  with  dummies,  but  this  is  quite  secondary 
to  making  the  main  mine-field  as  strong  as  possible. 

In  laying  out  a  defensive  system  of  mines,  the  important  Deposition  of 
points  to  look  to  are  the  depth  of  defence  possible  and  the  ^^^' 
means  of  protecting  the  mines  by  guns  and  electric  lights,  also 
the  number  of  mines  necessary.  Attention  must  also  be  paid  to 
the  depth  of  water,  strength  of  the  current  or  tide,  exposure  to 
heavy  seas,  and  the  facilities  existing  for  establishing  observing 
stations.  The  general  aiTangement  of  the  mines  should  be  in 
lines,  but  there  should  be  more  than  one  line  for  each  group, 
and  the  mines  of  one  line  should  be  in  echelon  to  those  of 
another,  for  by  this  means,  without  leaving  gaps  through  which  a 
vessel  might  pass  safely,  the  mines  may  be  placed  far  enough 
apart  not  to  damage  each  other  by  their  explosion. 

The  depth  of  the  mines  below  the  suiface  will  be  deter-  Depth  of 
mined  by  the  following  considerations : —  mines. 

Electro-contact  mines  should  be  so  placed  that  vessels  cannot 
pass  over  them  at  high  water,  and  that  at  low  water  they 
should  not  appear  on  the  surface.  If  the  rise  and  fall  of  the 
tide  be  so  great  that  it  is  impossible  to  satisfy  both  these 
conditions  in  any  one  instance,  two  or  more  rows  of  mines 
must  be  placed  one  behind  the  other,  moored  at  varying  depths, 
the  deeper  mines  being  placed  in  front. 

Observation  minee  at  depths  not  exceeding  (K)  feet  should  lie 
on  the  bottom,  the  charge  being  proportioned  to  the  depth. 
If  the  depth  of  water  exceeds  60  feet,  the  mines  must  be 
buovant. 

In  order  to  delay  an  enemy  as  much  as  possible,  the  mine- 
field should  be  given  **  depth  "  of  defence,  by  spacing  the  rows 
of  mineB  which  cross  the  channd,  rather  far  apart 
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Table  shoxcinff  Effects  of  Churges. 
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Shore 
amngements. 


1000.  The  arrangements  on  shore  will  include : — 

(a)  The  test  room :  the  building  into  which  the  cables  frota 

the  mines  are  led,  and  in  which  the  battery  for  firing 
the  mines,  the  signalling  bells,  and  the  testing  gear  aro 
kept.  This  should  be  as  safe  as  a  main  magazine^ 
from  fire  and  assault.  Its  dimensions  are  20  feet  by 
- 16  feet,  ^by  at  least  6  feet  6  inches  high.  No  view 
from  it  is  required. 

(b)  The  observing  station;  where   observation  mines  arfr 

used. 

(c)  The  electric  light  installation,  with  engine  rooitt  and 

lights,  to  watch  the  mine-field.     (See  para.  987.) 

(d)  The  stoi-es  for  the  mine-field  gear  and  the  pier  or  wharf 

for  sUnging  the  mines.  These  are  placed  in  some 
secure  position  in  rear  of  the  line  of  the  defences. 
One  or  more  special  batteries  of  quick-firing  and  machine 
gxms  would  usually  be  built  to  protect  the  mines 
from  attack  by  small  vessels  and  launches.  (See 
para.  969.) 


Attack  on 
mine-fields. 


Attack  of  a  Mine-field. 

1001.  Attempts  to  desti'oy  a  mine-field,  or,  at  any  rate,  to 
clear  a  navigable^^  passage  through  it,  would  be  made  by  ond  df 
three  methods : — 

(a)  Creeping. 

(h)  Sweeping. 

(c)  Coimtermining. 

Creeping  consists  of  dragguig  grapnels  along  the  bottom  to 
catch  the  cable  leading  to  mines  or  junction  boxes.    The  cable 
or  obstruction  can  eitner  be  pulled  to  the  surface  and  cut,  or 
cut  by  a  guncotton  charge  attached  to  the  grapnel  and  firedi 
electncally. 
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This  method  of  attack  is  met  by  strewing  about  old  cable 
and  chain,  and  by  artillery  fire.    * 

Sweeping  consists  in  dragging  a  weighted  rope  stretched 
between  two  boats  through  the  water  at  some  depth  below 
the  surface,  with  the  object  of  catching  floating  mines  or  their 
moorings :  when  found,  the  mooiings  are  cut. 

This  process,  like  creeping,  is  slow  and  uncertain,  and 
could  not  be  carried  on  systematically  under  fire.  They  might 
be  attempted  at  night,  or  under  cover  of  smoke  from  heavy 
guns. 

Countermining  consists  in  laying  and  firing  mines  in  a 
hostile  mine-field,  with  a  view  of  injuring  the  defence  mines. 
A  500-lb.  charge,  fired  2G  to  48  feet  below  the  surface,  is  cal- 
culated to  destroy  all  mines  within  90  feet  radius. 

By  laying  two  parallel  lines  of  mines  180  feet  apart  a 
passage  360  feet  wide  might  be  cleared. 

To  clear  a  channel  through  an  ordinary  mine-field,  which, 
with  its  advance  field,  would  be  at  least  2,000  yards  in 
depth,  would  take  about  120  500-lb.  charges;  no  fleets,  at 
present,  carry  the  stores  necessary  for  this,  and  the  operation 
could  only  be  undertaken  as  part  of  an  attack  on  a  large 
scale. 


Locomotive  Torpedoes, 

1002.  The  imder-water  attack  on  a  vessel  is  so  effective 
that  there  have  been  many  endeavonrs  to  devise  a  means  of 
propelling  the  explosive  against  the  ship  instead  of  having  to 
inveigle  the  ship  to  come  to  the  explosive,  as  in  the  case  of  WhiteiiMd 
submarine  mines.  All  the  navies  in  the  world  use  the  White-  torpedo, 
head  torpedo  for  this  purpose.  This  contains  its  own  propelling 
and  steering  mechanism^  and  when  launched  is  intended  to 
travel  in  a  straight  line  to  its  object. 

The  Howell  torpedo  is  a  very  promising  invention,  which 
is  similar  to  the  Whitehead,  but  has  its  motive  power  applied 
in  a  more  simple  manner.. 

For  coast  defence  purposes  the  effective  range  of  the  White- 
head, which  may  be  taken  at  about  a  quarter  of  a  mile,  is  too 
diovt  to  enable  it  to  be  used  from  the  shore,  except  in  unusually 
nan*ow  channels,  and  consequently  it  has  not  been  employea 
for  this  purpose  in  our  Service. 

There  are,  however,  other  patterns  of  locomotive  torpedo 
which  have  a  longer  range;  tne  power  being  generated  on 
shore,  and  transmitted  to  the  torpedo  either. by  electrical  or 
mechanical  means. 

These  are  capable  of  being  steered  while  in  motion.  They 
are  consequently  termed  **  controlled "  torpedoes,  in  distinc- 
tion from  such  as  the  Whitehead,  which  are  imcontroUed. 

The  one  in  use  in  the  British  service  is  the  Brennan,  to^Bmuka 
which  the  power  is  transmitted  mechanically  from  a  steam-  torpedo.  * 
engine.        ^  .  ^  ' 

tts  eff'ective  range  is  about  one  mfle,  and  ft  carries  a  charge 
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of  over  300  lbs.  of  guncottou.  It  is  over  20  feet  long,  and 
weigh3  about  a  ton.  It  can  travel  at  the  rate  of  more  thau 
20  knots  an  hour.  One  torpedo  can  follow  another  as  fast  as 
a  heavy  gun  could  be  loaded  and  fired.  A  great  advantage 
which  it  possesses  over  the  Whitehead,  is  that  it  can  he  steered 
from  the  shore  while  in  motion,  so  that  it  is  rot  necessary  to 
aim  with  it  at  starting,  even  approximately,  and  its  course  can 
be  constantly  corrected.  As  it  can  thus  be  steered  *•  round  the 
corner/'  so  to  speak,  the  installation  with  the  launching  gear 
can  be  well  protected  from  the  front. 

The  deptn  under  water  at  which  it  runs  can  be  adjusted  if 
wished.  With  its  usual  setting  it  would  be  efficient  against 
light-draught  vessels.  As  the  torpedo  itself  is  always  sub- 
merged, its  course  is  followed  for  this  purpose  by  means  of 
a  light  mast  which  it  carries,  which  shows  above  water.  Being 
entii-ely  submerged  it  is  protected  agaiust  projectiles. 

1003.  It  is  set  in  motion  by  being  launched  down  a  narrow 
tramway  into  the  sea.  These  launching-ways  sliould  be 
sheltered  and  protected  as  much  as  possible.  At  the  upper 
end  of  this  tramway  is  the  engine-room,  containing  the  driving 
geai*.  This,  together  with  the  torpedo  store  and  other  neces- 
sary accommodation,  should  be  shell-proof  on  the  side  towards 
the  channel  if  not  all  round. 

In  addition,  other  store  accommodation,  not  necessarily 
shell-proof,  is  required  in  the  vicinity. 

The  observing  station  from  which  the  torpedo  is  steered 
may  occupy  any  convenient  position;  but  it  is  desirable  that 
it  should  not  be  far  from  the  starting  point. 

It  is  necessaiy  to  protect  the  torpedo  establishment  against 
boat  attacks,  and  it  should  be  covered  by  the  fire  of  artillery 
against  the  attack  of  ships,  operating  from  a  distance  beyond 
the  range  of  the  torpedo. 

The  water  over  which  the  torpedo  is  to  operate  must  be 
clear  of  obstructions,  whether  these  are  natural,  such  as  rocks, 
or  artificial,  such  as  buoyant  mines. 

1004.  The  Zaiinski  gun,  which  has  been  already  mentioned 
in  para.  922,  throws  a  projectile  of  the  nature  of  a  locomotive 
torpedo.  It  promises  the  advantages  of  a  considerable  increase 
in  range  over  all  floating  torpedoes ;  of  being  capable  of  use 
against  vessels  of  shallow  draught,  and  of  acting  over  water 
in  which  there  are  obstnlctions ;  and  even  against  objects  on 
land.  Moreover,  no  launching  ways  are  required,  and  there  is 
no  attachment  to  the  shore  which  might  be  broken.  On  the 
other  hand,  the  steered  torpedo  is  probably  more  certain  in 
its  aim. 


Passive  Obbtrueiions, 


VtM&ftoh* 
•tjrttclioiii. 


1005*  Passive  obstructions,  such  as  booms  or  floating  rafts, 
have  the  advantage  over  submarine  mines  that  they  cannot  be 
avoided,  and  that  they  are  not  necessarily  destroved  when 
actually  used.    On  the  other  hand,  they  cannot  be  employed  in 


Opp.  pa^,<Vl3. 
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frequented  chaanels,  and  no  floating  boom  has  yet  been  made 
that  a  large  uhip  cannot  charge  throiigh. 

The  growing  necessity  of  keeping  harbours  free  from  ^tiQ 
attacks  of  torpedo  boats  has  caused  the  question  of  breakwaters 
and  booms  to  assume  increased  importance  of  late,  and  it  is 
probable  that  they  will  be  generally  used  in  future  to  close  side 
channels,  and  even  main  channels  temporarily  when  this  is  not 
too  inconvenient. 

The  circumstances  that  should  determine  the  nature  of  an  Glrcimi- 
obstruction  are  to  a  great  extent  the  same  as  those  affecting  f^^^oes  affeot* 
military  bridges.      The  depth  and  width  of  the  channel ;  the  *"*    ®°^* 
character  of  the  bottom,  and  of  the  banks ;  the  strength  of  the 
tide  or  current,  and  the  fluctuations  in  the  water-Jevel;  the 
influence  of  the  obstruction  itself  on  the  stream ;  the  drift-wood 
or  drift-ice  to  be  looked  for,  and  provided  against ;  the  necessity 
of  a  gap  to  allow  vessels  to  pass  through ;  the  time,  material, 
and  labour  available :  all  these  points  must  be  taken  account  of 
in  the  one  case  as  in  the  other.     But  channel  obstructions  are 
often  required  where  bridges  would  never  be  attempted,  as  in 
wide  embouchures,  exposed  to  heavy  seas ;  they  may  have  to 
do  duty  for  years,  so  that  it  may  be  necessary  to  provide  against 
decay ;  and  they  must  be  able  to  resist  any  attempts  of  the 
enemy  to  destroy  them,  either  by  firing  or  by  ramming. 

It  is  difficult  to  satisfy  so  many  conditions  by  a  structure 
improvised  in  time  of  war,  when  means  are  scanty,  and  the 
time  available  uncertain;  it  is  verj'  desirable,  therefore,  that 
the  design  and  the  mateiials  should  be  prepared  beforehand. 

There  are  two  main  classes  of  obstructions :  sunken  and 
floating ;  though  these  may  often  be  combined  in  one  banier. 

1006.  The  best  sunken  obstruction  is  a  stone  pier  or  break-  stone  pier, 
water.    This  protects  the  veesels  lying  behind  it  against  all 
attacks. 

Sunken  obstructions  have  been  formed  by  a  double  line  of  Cribs, 
cribs,  made  of  heavy  timbers,  stoutly  framed   together,  and 
loaded  with  bricks,  rising  to  the  level  of  high  water,  more  than 
30  feet  above  their  base.* 

They  have  also  been  made,  as  by  the  Russians  at  Sebastopol,  Vessel*. 
by  sinking  vessels  side  by  side. 

Another  mode  of  forming  them  is  by  driving  piles,  when  Piles, 
the  bottom  is  suitable,  and  the  depth  not  more  than  25  feet, 
but  a  heavy  vessel  could  break  through  a  pile  obstruction. 

But  anything  of  the  nature  of  a  dam  will  usually  take  a 
long  time  to  prepare,  and  a  long  time  to  remove  when  the 
occasion  for  it  is  past ;  it  interferes  with  the  passage  of  friendly 
veasels,  and  is  apt  to  modify  the  features  of  a  channel. 

Instead  of  placing  the  piles  in  contmnous  rows,  opposing  an 
unbroken  surface  to  the  cuirent,  the  Confederate  engineers  in  the 
American  Civil  War  found  it  better  to  mass  them  in  diamond- 
shaped  piers,  about  10  yaids  apart  from  centre  to  centre,  with 


*   Across   the  SaTannah  ^rer  bj  the   ConMerates.     See   Von  Scheliha't 
**  Treatise  on  Coast  Defence,"  which  has  been  laigelj  drawn  upon  in  the  text. 


334 


COAST  DEF£NC£. 


floating  booms  to  close  the  internals.  (Fig.  1,  PL  OCXIX.)  la 
fixing  them,  instead  of  using  a  pile-driver,  they  made  holes  for 
them  in  the  soft  bottom  bj  means  of  a  steam  jet  directed  down* 
wards  through  the  water ;  and  in  this  way  set  them  mudi  more 
quickly  than  by  the  ordinary  means. 


Gheraux  de 
frise. 


Float  in;2[ 
obstructions. 


Chain-booms. 


Rafts. 


Masses  of  concrete,  similarly  disposed,  might  be  used  with 
effect. 

Good  sunken  obstructions  of  a  sh'ghter  character  in  shallow 
water  may  be  made  with  chevaux  de  frise  of  railway  metals, 
kept  in  position  by  four  square  timbers  bolted  together  (Fig.  2, 
PL  CCXIX),  or  with  heavy  logs  framed  together,  buoyed  with 
baiTels  at  one  end,  and  loaded  at  the  other  (Fig.  3). 

1007.  Floating  obstructions  are  more  easily  made,  and 
more  easily  removed,  than  simken  obstructions,  and  they  are 
the  only  ones  that  can  be  used  in  deep  water.  But  they  are 
less  to  be  relied  upon  to  resist  the  efforts  of  the  enemy,  and  the 
force  of  tlie  stream  or  the  waves. 

There  are  three  chief  varieties  of  them :  chain-booms,  rafts, 
and  rope  obstructions. 

In  the  British  attack  on  the  forts  on  the  Pei-ho,  in  1859,  the 
gunboats  found  themselves  unable,  under  the  heavy  fire  to  which 
they  were  exposed,  to  pass  ^'  a  boom  of  timbers  shaped  like  pon> 
toons,  about  15  feet  apart,  and  connected  with  one  another  at  the 
centre  and  each  end  by  chains  and  ropes,  like  a  pontoon  raft 
without  the  superstructure."*  To  obstruct  the  main  channel  of 
Charleston  Harbour,  the  Confederates  made  use  of  railway  metals 
linked  together,  and  floated  by  logs,  but  the  anchors  dragged,  and 
the  boom  broke  up  durincr  the  winter  gales. 

However  firmly  secured,  any  single  line  would  probably  be 
snapped  or  run  over  by  powerful  vessels  under  steam ;  and  in 
positions  of  importance  a  oelt  of  some  width  shoidd  be  provided. 
A  naval  committee,  in  1859,  recommended  for  the  main  cliannel  at 
Spithead  a  barrier  of  net  form,  composed  of  line-of-battle-ahip 
chain  cables  floated  by  timber.  The  meshes  were  to  be  71  feet 
square,  and  were  to  form  a  belt  100  yards  wide,  and  2,200  yards 
long.  Fig.  1,  PL  CCXX,  shows  a  barrier  on  the  same  principle  de- 
signed by  General  Brialmont  for  the  defence  of  the  Scheldt.  On 
the  left  side  of  the  river,  where  alone  there  is  sufficient  depth  of 
water  for  large  vessels,  there  are  two  rows  of  rafts  about  30  yards 
long  to  support  the  chains,  which  are  also  buoyed  intermediately. 
Each  raft  is  held  by  six  anchors. 

The  (Confederate  engineers  made  raft  obstructions  of  3  or  4 
layers  of  roughly-squared  timbers,  fastened  together  with  trenails 
and  bolts,  giving  them  a  width  of  from  20  to  25  feet,  and  a  length  of 
as  much  as  800  Feet.  They  sometimes  had  several  such  raf t6  bsuring 
a  river,  not  in  parallel  line,  but  like  the  zig-zags  of  a  sap,  so  as  to 
brace  each  other.  But,  however  strongly  aucEored,  they  always 
gave  way  sooner  or  later  to  the  pressure  of  the  current  and  the 
accumulation  of  drift-wood.  From  this  experience,  and  also  from 
the  necessity  of  leaving  a  passage  for  friendly  vessels,  American 
engineers  have  come  to  the  conclusion  that,  for  a  part  of  the 
duuinel,  at  all  events,  the  obstruction  should  be  built  up  of  small 
rafts,  which  can  be  easily  manoeuvred,  and  for  this  purpose  rafts 
having  the  shape  of  an  equilateral  triangle  of  about  18  feet  side 
seem  to  be  most  convenient.    These  should  be  connected  with 
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chains,  but  should  be  separately  moored  at  small  intervals  apart, 
so  that,  instead  of  opposing  a  rigid  resistance  to  the  shock  of  a 
vessel,  they  may  yiela  to  it,  and  convert  the  blow  into  a  push,  the 
force  of  which  will  be  gradually  absorbed. 

Bope  obstructions  were  used  at  Charleston,  after  the  failure  of  Ropo  obstruct 
the  booms  already  mentioned.  They  consisted  of  7-inch  hawsers  tions, 
suspended  from  small  buoys  (Fig.  2),  which  at  night,  at  all  events, 
couid  hardly  be  seen.  Lighter  ropes  were  hung  from  the  hawsers. 
The  object  of  such  obstructions  is,  not  to  resist  the  pressure  of 
steam  vessels,  but  to  get  entangled  with  their  screws  or  paddles, 
and  in  this  way  they  have  repeatedlv  compelled  ships  to  anchor. 
They  require  to  be  firmly  moored  and  well  watched,  lest  the  enemy 
should  cut  them,  or  the  current  displace  and  entangle  them,  but 
no  other  obstruction  is  so  cheap,  so  simple,  and  so  generally 
applicable. 

The  following  pattern  of  boom  has  given  good  results  in  Experimental 
stopping  a  first-class  torpedo  boat.  It  was  formed  of  14  inch  boom, 
baulks  36  feet  long.  These  were  placed  side  by  side,  8  feet 
apart,  and  kept  in  position  by  four  steel-wire  hawsers  laid 
across  them,  so  that  the  ends  of  the  baulks  pointed  outwards. 
A  fifth  wire  hawser  was  carried  along  on  uprights,  so  as  to  be 
4  feet  above  the  baulks.  Also  each  baulk  was  provided  at  the 
outer  end  and  at  the  middle  with  spikes  projecting  6  inches. 
The  torpedo  boat  which  charged  this  boom  got  partly  over,  but 
was  brought  up  by  the  raised  wire  hawser  and  by  the  spikes, 
which  tore  holes  in  her. 

This  or  any  similar  boom  could  be  cut,  or  a  portion  of  it 
could  be  sunk  by  a  boat,  which  could  lie  alongside  for  a  short 
time  unperceived.  Floating  booms  should,  therefore,  be  care- 
fully guarded. 

It  is  also  desirable  to  vary  their  construction,  so  that  an 
enemy  may  not  know  beforehand  the  exact  difficulties  he  vn\l 
have  to  overcome. 

Tlie  booms  and  obstructions  here  described  are  nearly  all  of  Probablo 
an  extemporised  character.      Indeed,  permanent  obstructions  development 
have  never  been  made  except  in  the  form  of  piers  and  break-  defence 
waters.      It  is  possible  that  the  development  of  torpedo  boats 
will  change  this,  and  that  floating  obstructions  of  a  permanent 
character  may  be  prepared  in  peace  time.     They  would  thus 
be  ready  when  wanted,  and  should  be  more  efficient  than  any 
temporary  construction  can  be. 


Section  9. — Organisation  or  Coast  Defences. 


Arrangeme7it$  for  Command, 


1008.  The   defences  of  a  fortified  place  are  divided  into  Division  intp  j 

Sections,   arranged  on   the    seaward    jside   according   to   the  "Sections/' 
.positions    of  the   batteries    and    the  "  fire   areas "  or  water 
commanded    by    their    guns.      The  guns    of    each    Section 


are    under  an   artillery    officer  with  the   title  of   '*  Artillery 
Sub-Section  Commander"  (A.S.C.).    His  function  is  to  super- 
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vise  the  fire  of  the  guns  of  the  defence  bo  as  to  get 
the  be^t  results  against  the  attacking  ships.  His  '^Post'* 
is  placed  *  where  he  can  see  the  whole  of  the  fire  area 
of  his  section.  The  "Post"  is  in  three  portions:  an. 
observing  cell,  like  a  position*finder  cell  provided  with  a  special 
pattern  of  P.P.  instmrnent,  which  enables  him  to  identify 
the  position  of  the  ship  that  he  wishes  to  attack ;  a  ''  chart- 
room  "  behind  it  for  his  staff  with  their  maps  and  diagrams ; 
and  a  telephone  room  for  the  telephone  operators.  This  latter 
is  bombproofed  and  made  as  safe  as  possible,  so  that  there  shall 
be  no  chance  of  an  interruption  of  the  communications.  It 
must  be  closely  connected  with  the  chart-room  so  that 
messages  may  be  rapidly  passed  to  the  operators.  It  is 
divided  into  boxes  about  2  ^et  6  inches  wide  each  for  a  tele- 
phone operator,  who  is  thus  secured  from  interruption  by  his 
neighbours. 

1009.  The  Art.  Sub-Sec.  Commander  is  placed  in  com- 
munication by  telephone  or  otherwise  (see  PL  CCXXI)  with 
the  officer  commanding  his  Section.  The  Section  Commander 
would  also  be  in  communication  with  the  officers  in  charge  of 
the  submarine  mines,  and  of  the  locomotive  torpedoes.  The 
A.S.C.  is  in  connection  with  the  electric  lights,  if  there  are 
any,  one  of  which  he  may  control  by  means  of  an  electric 
dial  and  a  telephone.  In  order  that  he  may  supervise  the 
fire  of  the  guns  ne  will  be  provided  with  telephones  to  those 
artillery  officers  who,  with  the  title  of  '*  Fort  Commander  " 
(F.C.),  are  in  command  of  the  different  works,  in  which  they 
have  their  fixed  **  fighting  stations,"  from  whence  they  can 
communicate  with  the  D.R.F.  or  P.F.  instruments,  €uid  exercise 
a  general  superintendence  over  the  fighting  of  the  guns. 

Within  the  battery  itself  the  guns  are  divided  into  "  groups  '* 
as  has  been  pointed  out  in  para.  984,  with  a  *'  Qroup  Officer '' 
in  charge  of  each. 


Putting  a  Coast  Fortress  in  a  State  of  Defence. 


Freparations 
against  an 
attack  bj 
'ships. 


1010.  A  coast  fortress  may  be  attacked  ia  two  ways :  either 
by  ships  alone,  or  by  troops  landed.  This  is  independent  of  all 
attempts  of  vessels  to  run  in  and  sink  ships  lying  in  the 
harbour.      If  the  attack  is  a  serious   one  witn  the  object  of 

fetting  possession  of  the  place  the  two  modes  of  attack  will 
e  combmed. 
Against  a  ship  attack,  the  standard  of  preparation  is  much 
higher  than  against  an  attack  from  the  land.  This  is  partly 
because  the  appliances  for  defence  are  of  a  more  complex 
nature,  and  require  to  be  constantly  worked,  so  that  they  may 
be  kept  in  order,  and  that  those  handling  them  may  acquire  and 
keep  up  the  necessary  facility  in  their  use ;  and  partly  because 
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tho  attack  may  come  much  more  suddenly.  Every  Power  keeps 
some  ships  in  readiness  to  fight  at  an  hour's  noiice,  and  it  is 
very  probable  that  any  attacks  on  ships  lyin^  in  a  harbour  near 
the  scene  of  hostilities  would  be  made  within  a  few  hours 
after  a  declaration  of  war.  The  arrangements  to  be  made  in 
coast  works,  therefore,  mainly  consist  in  providing  for  the 
shelter  of  the  men  in  or  near  the  batteries ;  in  getting  up  steam 
in  the  engines;  in  completing  the  laying  of  submanne  mines; 
of  constructing  booms ;  and  of  filling  up  stores.  Of  course  if 
the  construction  of  the  place  is  incomplete,  provisional  works 
must  be  thrown  up  in  the  manner  to  be  described  in  Section  10 
of  this  chapter.  It  should  be  borne  in  mind  that  two  hours* 
warning  of  an  intended  attack  is  the  most  that  can  be  hoped 
for,  so  that  the  steam  will  have  to  remain  up  for  the  rest  of  a 
war,  and  all  the  other  preparations  must  remain  in  a  similar 
state  of  readiness.  It  is  worth  while  to  consider  them  well  and 
to  carry  them  out  thoroughly. 

lOlL  Troops  may  be  landed  for  an  attack  either  within  or  Preparations 
without  the  line  of  works  of  the  place.  If  they  land  without  ^^  ^^^^ 
the  line  they  will  be  met  by  works  of  the  character  of  those 
described  for  a  land  fortress.  Their  preparations  for  defence 
have  been  given  in  Chapter  IV.  The  first  of  these  to  be 
taken  in  hand  should  be  for  the  flanks  abutting  on  the  sea,  or 
small  parties  may  endeavour  to  pass  them  and  to  do  mischief  to 
the  coast  batteries  or  the  communications. 

An  attempt  at  landing  within  the  line  of  works  will  be  made 
either  at  night  or  during  the  heat  of  an  engagement.  It  must 
be  met  by  parties  of  infantry  posted  so  as  to  command  the 
various  landing  places,  provided  with  machine-guns,  and,  if 
necessary,  supported  by  artillery.  Picket*,  sentries,  and  patrols 
will  be  arranged  in  the  usual  manner.  Parapet*  will  be  thrown 
up  for  this  force  and  shelters  provided. 

The  number  and  position  of  the  men  required  on  these 
duties  vdU  vary  with  the  state  of  the  weather,  and,  in  some 
cases,  with  the  height  of  the  tide.  A  gale  may  render  landing 
impracticable,  and  high  tide  may  cover  up  the  beach.  If  the 
tide  runs  out  far  it  may  be  necessary  to  follow  it  down  with 
sentries,  or  even  with  bodies  of  troops,  so  as  to  resist  the  actual 
act  of  disembarkation,  when  the  enemy  is  weakest.  Alternative 
positions  for  the  men  may  therefore  be  desirable.  Projects 
for  these  arrangements  will  have  to  be  prepared  on  the  spot, 
as  local  peculiarities  will  have  great  influence  on  them.  They 
should  be  careftdly  considered,  ooth  in  order  to  minimize  the 
number  of  men  employed,  and  also  to  make  those  who  are  on 
duty  as  comfortable  as  may  be,  for  they  will  have  long  and 
weary  watchings  during  a  war. 

It  will  often  be  desirable  to  put  the  outposts  in  telegraphic 
communication  with  the  head-quarters  of  the  land  Section  they 
are  in,  so  that,  in  case  of  an  attack,  the  local  resei-ve  troops 
may  be  brouffht  up  to  reinforce  them. 

Many  of  the  appliances  and  works  of  a  fortress  must  depend  NeceMi).?  for 

[)rincipally,  or  even  entirely,  on  the  troops  guarding  the  coast  careful  " 
ine  for  their  security  against  injury  by  small  bodies  of  men.  P'""*»»K' 
(8250)  Z 


338 


COAST  DEFENCE. 


This  will  be  the  case  with  lines  of  telegraph  and  .with  position- 
finder  cables;  and  also  with  works  that  depend  on  concealment 
for  their  security  against  projectiles,  such  as  position-finder  cells 
and  batteries  for  high-angle  fire.  Obstructions  may  be  used  where 
thought  desirable  as  an  additional  safeguard. 

Batteric'S  for  heavy  guns,  when  they  are  very  isolated,  or 
when  they  would  form  good  points  of  support  to  the  troops 
outside,  should  be  formed  into  independent  works  with  their 
own  aiTangements  for  close  defence. 


IiiipoHanrr  of 
»tibject. 


Guns  likeljr 
to  be  avail- 
able. 


Positiono  for 
field  guns. 


MoTing  ffuns 
from  existing 
works. 


Setting 
racers. 


Section  10.— Provisional  Coast  Defences. 

1012.  This  is  a  subject  of  great  importance,  as  it  may  be 
^aken  for  certain  that,  on  an  alaim  of  war,  extemporised  works 
would  be  thrown  up  in  many  places,  either  to  secure  positions 
hitherto  undefendea  or  to  strengthen  existing  defences.  A 
good  deal  was  done  in  this  way  a  few  years  ago  during  a 
war  scare,  and  though  permanent  works  have  replaced  those 
which  were  then  constructed,  yet,  no  doubt,  fresh  requirements 
will  develop  themselves. 

1013.  The  first  thing  to  be  done  is  to  find  out  what  guns 
and  mountings  are  available.  They  will  either  be  light  guns 
or  howitzers  on  field  carriages,  or  guns  and  mountings  removed 
from  existing  works,  or  naval  reserve  guns  and  mountings. 

Guns  on  field  caniages,  if  on  the  spot,  may  be  immediately 
utilised.  Field  guns  would  be  quite  eflective  against  cruisers 
and  torpedo  craft,  and  against  the  unarmoured  ends  of  battle- 
ships, and  howitzers  would  be  dangerous  to  all  classes  of 
vessels.  In  choosing  positions  for  guns  on  field  carriages  it 
should  be  bonie  in  mind  that  they  are  not  well  adapted  for 
firing  on  moving  objects,  on  account  of  the  difficulty  of  travers- 
ing and  relaying  rapidly.  They  should  therefore  be  placed 
who^e  this  difficulty  will  not  be  seriously  felt,  that  is  to  say, 
where  they  will  command  inner  waters  where  ships  will  be 
moving  slowly,  or  at  the  bends  of  a  channel  so  as  to  take  them 
end  on.  They  would  be  mounted  in  batteries  sindlar  to  those 
used  for  the  defence  of  land  positions. 

The  removal  of  guns  and  mountings  from  existing  works 
would  rarely  be  possible  except  in  the  case  of  a  large  fortress 
mounting  a  number  of  guns,  when  it  might  be  possible  to 
strengthen  one  part  without  unduly  weakening  another,  or 
even  to  ^pare  guns  for  the  defence  of  another  port.  These,  at 
the  present  time,  would  usually  be  muzzle-loaders. 

1014.  The  chief  difficulty  to  be  encountered  with  these 
mountings,  and  with  the  naval  ones  to  be  mentioned  further 
on,  is  setting  the  racers  rapidly,  tnily,  and  so  firmly  that  they 
shall  not  become  displaced  under  tfie  shock  of  firing,  if  it  is 
necessary  to  use  them  very  soon.  Unless  fresh  racers  and 
pivots  can  be  procured,  the  old  one  will  have  to  be  lifted  and 
reset.  It  will  usually  be  impracticable,  or  at  least  tedious,  to 
get  up  the  chciiiB  or  holding-down  bolts,  so  frSsh  ones  must  be 
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made.  If  racer  blocks  were  used  originally  it  will  be  best  to 
fit  chairs  instead.  If  the  pivots  cannot  be  easily  lifted,  fresh 
ones  must  be  cast,  or  old  guns  used. 

The  setting  of  the  racers  will  be  in  the  manner  described 
for  permanent  works  (see  para.  975),  that  is,  if  there  is  plenty 
of  Portland  cement  available  for  concrete.  If  about  three 
times  as  much  cement  as  usual  is  put  in  it  will  set  faster,  and 
the  guns  on  it  may  be  fired  withm  a  short  time.  If  Poi-tland 
cement  cannot  be  got,  the  racers  of  the  B.M.L.  guns,  9-inch 
and  under,  may  be  spiked  on  to  strong  wooden  platforms  made 
of  crossed  baulks.  Probably  the  6-inch  B.L.  gun  could  be 
treated  in  a  similar  way,  by  passing  the  holding-down  bolts 
through  a  timber  mass. 

Reserve  guns  for  the  Navy,  which  are  kept  at  many  ports,  Beserveguns 
are  the  weapons  most  likely  to  be  available  for  a  hasty  aefence.  ^^'  *^®  Jf^^j. 
If  these  are  R.M.L.  guns  they  are  mounted  on  racers  similar  to 
those  in  land  works.  If  B.L.,  they  are  on  a  combined  racer 
and  cUp  ring,  similar  to  that  for  the  6-inch  H.P.  (see  PI.  CCV). 
They  are  all  intended  to  be  bolted  on  to  an  iron  deck,  so  that 
they  must  either  be  provided  instead  with  long  bolts  for  fixing 
in  concrete,  or  they  must  be  attached  to  plates  or  girders 
which  can  themselves  then  be  secured.  The  B.L.  racers  are 
best  suited  for  this  treatment. 

The  fixing  of  the  racers  is  of  the  highest  importance  in  con- 
nection with  mounting  coast  defence  guns,  and  should  be  taken 
in  hand  as  soon  as  possible,  so  that  it  may  not  be  hurried,  and 
that  the  concrete  may  have  as  long  as  possible  to  set. 

Quick-firing  guns  in  the  Navy  are  mounted  on  cones  as  on 
land.  Holding-down  bolts  will  have  to  be  made  for  them  if 
they  are  to  be  fixed  on  concrete. 

1015.  The  remaining  parts  of  provisional  coast  batteries  ProTisional 
will  be   constructed  in  a  similar  manner  to   those   for  land  ^V^ . 
fortresses  (see  Chap.  IV,  Section  14V     The  ammunition  supply    *  ^^^^' 
will  have   to  be  more  carefully  tnought  out,  and  sometunes 
cranes  or  davits  provided  for  lifting  projectiles. 

Their  positions  will  be  chosen  on  the  same  principles  as  for 
permanent  works. 

If  there  be  any  high  ground  near  them,  range-finders  can  Bange- 
be  extemporised  out  of  theodolites ;  a  table  being  constructed  finders, 
of  ranges  corresponding  to  angles  of  depression.  , 

It  will  usually  be  feasible  to  set  up  some  telegraphic  com-  Telegraphs, 
munication  between  the  works,  but  the  complete  organisation 
of  a  fortress  will  be  impracticable. 

The  subsidiary  works,  such  as  breastworks  for  the  defence  Subsidiary 
of  landing-places,  will  be  tl:.e  same  as  in  a  permanent  fortress,      workh. 

Electric  lights  cannot  be  extemporised;  but  it  might  be  Electric 
possible  to  procure  projectors  from  the  Navy,  or  otherwise,  and  I'g^^s. 
to  mount  them  for  the  security  of  the  entrance  to  the  inner 
anchorage. 

Locomotive  torpedoes  cannot  be  extemporised ;  but  a  float-  Looomotire 
ing  installation  might  be  made  at  the  manufactory,  and  sent  torpedoes, 
out  complete.     The  same  course  might  be  pursued  with  other 
stores. 
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Submarine  Submarine  minefi  might  be  procured  from  the  Navy,  together 

uxinM.  -with  cables  and  other  appliances. 

Otherwise  they  might  be  extemporised,  as  was  done  in  the 
Civil  War  in  America  in  1861-5. 

Electrical  fittings  are  now  so  much  more  common  than  they 
were  then  that  considerably  better  results  could  be  attained. 

The  employment  of  high  explosives  which  do  not  necee- 
sarily  require  either  strong  or  water-tight  mine  cases,  as  gun- 
powder did,  has  made  matters  much  easier. 
Booms.  The  booms  and  obstructions  described  in   Section  8  are 

nearly  all  of  an  extemporised 'nature,  intended  to  be  prepared 
when  war  is  imminent,  and  might  therefore  be  used  in  connec- 
tion with  provisional  works. 
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